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ENVI RONVENTAL PROTECTI ON AGENCY

40 CFR Parts 141 and 142

[ WH FRL- 5988- 7]

National Primary Drinking Water Regul ations: Disinfectants and
Di si nfection Byproducts Notice of Data Availability

AGENCY: U.S. Environmental Protection Agency (USEPA).

ACTION. Notice of data availability; request for coments.

SUMVARY: I n 1994 USEPA proposed a Stage 1 Disinfectants/Disinfection
Byproducts Rule (D'DBP) to reduce the |evel of exposure from

di sinfectants and di sinfection byproducts (DBPs) in drinking water
(USEPA, 1994a). This Notice of Data Availability sunmarizes the 1994



proposal and a subsequent Notice of Data Availability in 1997 (USEPA,
1997a); describes new data that the Agency has obtai ned and anal yses

t hat have been conpleted since the 1997 Notice of Data Availability;
requests conmments on the regulatory inplications that flow fromthe new
data and anal yses; and requests comments on several issues related to

t he sinultaneous conpliance with the Stage 1 DBP Rule and the Lead and
Copper Rule. USEPA solicits comrent on all aspects of this Notice and

t he supporting record. The Agency also solicits additional data and
infornation that may be relevant to the issues discussed in the Notice.

The Stage 1 D)DBP rule would apply to community water systens and
nont ransi ent nonconmunity water systens that treat their water with a
chemi cal disinfectant for either primary or residual treatnment. In
addition, certain requirenents for chlorine dioxide would apply to
transi ent noncommunity water systens because of the short-termhealth
effects fromhigh | evels of chlorine dioxide.

Key issues related to the Stage 1 D)DBP rule that are addressed in
this Notice include the establishment of Maxi mum Contam nant Level
CGoal s for chloroform dichloroacetic acid, chlorite, and bromate and
t he Maxi mum Resi dual Disinfectant Level Goal for chlorine dioxide.

DATES: Comments shoul d be postmarked or delivered by hand on or before
April 30, 1998. Comments nust be received or post-nmarked by nidnight
April 30, 1998.

ADDRESSES: Send written comrents to DBP NODA Docket O erk, Water Docket
(MC-4101); U.S. Environnental Protection Agency; 401 M Street, SW
Washi ngt on, DC 20460. Conments nmmay be hand-delivered to the Water
Docket, U.S. Environnental Protection Agency; 401 M Street, SW, East
Tower Basenent, Washi ngton, DC 20460. Conments may be subnmitted

el ectronically to owdocket @panuil . epa. gov.

FOR FURTHER | NFORVATI ON CONTACT: For general information contact, the
Safe Drinking Water Hotline, Tel ephone (800) 426-4791. The Safe
Drinking Water Hotline is open Monday through Friday, excluding Federa
hol i days, from9:00 a.m to 5:30 p.m Eastern Time. For technica
inquiries, contact Dr. Vicki Dellarco, Ofice of Science and Technol ogy
(MC 4304) or Mke Cox, Ofice of Gound Water and Drinking Water (MC
4607), U.S. Environnental Protection Agency, 401 M Street SW
Washi ngt on DC 20460; tel ephone (202) 260-7336 (Dellarco) or (202) 260-
1445 ( Cox).

SUPPLEMENTARY | NFORVMATI ON

Regul ated entities. Entities potentially regulated by the Stage 1
D)DBP rule are public water systenms that add a disinfectant or oxidant.
Regul at ed categories and entities include:

Exampl es of regul at ed
Cat egory entities
Public Water System...................... Conmuni ty and nontransi ent
noncomruni ty water systens
that add a disinfectant or

oxi dant .

State Governments. .............. ..., State governnent offices
that regul ate drinking
wat er .

This table is not intended to be exhaustive, but rather provides a
gui de for readers regarding entities likely to be regulated by this
action. This table lists the types of entities that EPA is now aware
could potentially be regulated by this action. ther types of entities
not listed in this table could al so be regul ated. To detern ne whet her
your facility may be regulated by this action, you should carefully



exam ne the applicability criteria in Sec. 141.130 of the proposed rule
(USEPA, 1994a). If you have questions regarding the applicability of
this action to a particular entity, contact one of the persons |isted
in the precedi ng FOR FURTHER | NFORMATI ON CONTACT secti on

Addi tional Information for Conmenters. Please subnit an origina
and three copies of your coments and encl osures (including
references). The Agency requests that commenters follow the foll ow ng
format: Type or print coments in ink, and cite, where possible, the
par agraph(s) in this Notice to which each coment refers. Conmenters
shoul d use a separate paragraph for each nmethod or issue discussed.
El ectronic coments nust be subnmitted as a WP5.1 or WP6. 1 file or as an
ASCI| file avoiding the use of special characters. Comrents and data
will also be accepted on disks in WirdPerfect in 5.1 or WP6.1 or ASCI
file format. Electronic coments on this Notice nay be filed online at
many Federal Depository Libraries. Conmmenters who want EPA to
acknow edge receipt of their conments should include a self-addressed,
stanped envel ope. No facsimles (faxes) will be accepted.

Availability of Record. The record for this Notice, which includes
supporting documentation as well as printed, paper versions of
el ectronic comments, is available for inspection from9 to 4 p.m
(Eastern Tinme), Monday through Friday, excluding | egal holidays, at the
Wat er Docket, U.S. EPA Headquarters, 401 M St., S.W, East Tower
Baserment, Washi ngton, D.C. 20460. For access to docket naterials,
pl ease call 202/ 260-3027 to schedul e an appoi ntment.

Abbreviations Used in This Notice

AWM Anerican Water Works Associ ation

AWMRF: AWM Resear ch Foundati on

BAT: Best Avail able Technol ogy

BDCM Br onpdi chl or onet hane

CMA: Chemi cal Manufacturers Associ ation

CWs: Conmunity Water System

DBCM Di br onochl or onet hane

DBP: Di sinfection Byproducts

DY DBP: Di sinfectants and Di sinfection Byproducts

DCA: Dichl oroacetic Acid

ED<I NF>10</ | NF>: Maxi mum | i kel i hood estinate on a dose associated with
10% extra ri sk

EPA: United States Environnental Protection Agency
ESWIR: Enhanced Surface Water Treatnment Rule

FACA: Federal Advisory Committee Act

GAC. Granul ar Activated Carbon

HAA5: Hal oacetic Acids (five)

HAN: Hal oacetonitrile

ICR Information Collection Rule

ILSI: International Life Sciences Institute

| ESTWR. I nteri m Enhanced Surface Water Treatnent Rul e
IRFA: Initial Regulatory Flexibility Analysis

LCR Lead and Cooper Rule

LED<I NF>10</ I NF>: Lower 95% confidence limt on a dose associated with
10% extra ri sk

LMS: Linear Miultistage Mde

LOAEL: Lowest Observed Adverse Effect Level

LTESTWR. Long- Term Enhanced Surface Water Treatnent Rul e
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MCL: Maxi mum Cont ani nant Level

MCLG. Maxi mum Cont ani nant Level Goal

M DBP: M crobial and D sinfectants/Disinfection Byproducts
ng/L: MIligrams per liter

MoE: Margin of Exposure

MRDL: Maxi num Resi dual Disinfectant Leve

MRDLG Maxi mum Resi dual Disinfectant Level Coa



MID: Maxi mum Tol er at ed Dose

NI PDWR: National InterimPrimry Drinking Water Regul ation
NOAEL: No (Observed Adverse Effect Level

NODA: Notice of Data Availability

NPDWR: National Primary Drinking Water Regul ation

NTNCW5: Nont ransi ent Nonconmunity Water System

NTP: Nati onal Toxi col ogy Program

PAR: Popul ation Attributable Ri sk

PQL: Practical Quantitation Limt

PWS: Public Water System

gl *: Cancer Potency Factor

RFA: Regul atory Flexibility Act

Rf D. Reference Dose

RI A: Regul atory I nmpact Analysis

RSC. Rel ative Source Contribution

SAB: Sci ence Advisory Board

SBREFA: Smal | Busi ness Regul atory Enforcenment Fairness Act
SDWA: Safe Drinking Water Act, or the ‘*Act,’’ as anended in 1986 and
1996

SWIR: Surface Water Treatnment Rule

TCA: Trichloroacetic Acid

TOC. Total Organic Carbon

TTHM Total Tri hal onet hanes

TWE Techni cal Wor ki ng Group
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. Introduction and Background
A. 1979 Total Trihal onet hane MCL

USEPA set an interim maxi mum contani nant |evel (MCL) for total
tri hal omet hanes (TTHMs) of 0.10 ng/L as an annual average in Novemnber
1979 (USEPA, 1979). There are four trihal onmethanes (chl oroform
br onodi chl or onet hane, chl or odi br ononet hane, and bronmoform. The interim
TTHM st andard applies to any PWS (surface water and/or ground water)
serving at |east 10,000 people that adds a disinfectant to the drinking
wat er during any part of the treatnent process. At their discretion,
States may extend coverage to smaller PWss. However, nost States have
not exercised this option. About 80 percent of the PWSs, serving
popul ati ons of |ess than 10,000, are served by ground water that is
generally lowin THM precursor content (USEPA, 1979) and which woul d be
expected to have low TTHM | evel s even if they disinfect.

B. Statutory Authority

In 1996, Congress reauthorized the Safe Drinking Water Act. Several
of the 1986 provisions were renunbered and augnented with additional
| anguage, while other sections mandate new drinking water requirenents.
As part of the 1996 anendnents to the Safe Drinking Water Act, USEPA s
general authority to set a Maxi mum Contam nant Level Goal (MCLG and a
Nati onal Primary Drinking Water Regul ation (NPDWR) was nodified to
apply to contam nants that ‘‘may have an adverse effect on the health
of persons’’, that are ‘‘known to occur or there is a substanti al
i kelihood that the contaminant will occur in public water systenms with
a frequency and at levels of public health concern’’, and for which



“‘in the sole judgement of the Adm nistrator, regulation of such

contam nant presents a neani ngful opportunity for health risk reduction
for persons served by public water systens’ (1986 SDWA Section 1412
(b)(3)(A) stricken and anended with 1412(b) (1) (A)).

The Act al so requires that at the same tine USEPA publishes an
MCLG which is a non-enforceable health goal, it also must publish a
NPDWR t hat specifies either a maxi num contam nant |evel (ML) or
treatment techni que (Sections 1401(1), 1412(a)(3), and 1412 (b)(4)B)).
USEPA is authorized to pronulgate a NPDWR ‘ ‘that requires the use of a
treatnent technique in lieu of establishing a MCL,’" if the Agency
finds that ‘it is not economically or technologically feasible to
ascertain the level of the contaminant’’ (1412(b)(7)(A)).

The 1996 Anmendnents al so require USEPA to pronul gate a Stage 1
di si nfectants/disinfection byproducts (DO/DBP) rul e by Novermber 1998. In
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addition, the 1996 Anendnents require USEPA to promul gate a Stage 2 D/
DBP rul e by May 2002 (Section 1412(b)(2)(Q).

C. Regul atory Negotiation Process

In 1992 USEPA initiated a negotiated rul emaking to devel op a D/ DBP
rule. The negotiators included representatives of State and | oca
heal th and regul atory agenci es, public water systens, elected
of ficials, consunmer groups and environnental groups. The Conmittee net
from Novenber 1992 through June 1993

Early in the process, the negotiators agreed that |arge anpbunts of
i nformation necessary to understand how to optim ze the use of
di sinfectants to concurrently mnimze mcrobial and DBP risk on a
pl ant -specific basis were unavail able. Nevertheless, the Conmttee
agreed t hat USEPA shoul d propose a D)DBP rule to extend coverage to al
conmuni ty and nontransi ent noncomunity water systens that use
di sinfectants. This rule proposed to reduce the current TTHM MCL,
regul ate additional disinfection byproducts, set limts for the use of
di sinfectants, and reduce the |evel of organic conpounds fromthe
source water that may react with disinfectants to form byproducts.

One of the major goals addressed by the Committee was to devel op an
approach that would reduce the | evel of exposure from disinfectants and
DBPs wi t hout undermining the control of nicrobial pathogens. The
intention was to ensure that drinking water is nicrobiologically safe
at the limts set for disinfectants and DBPs and that these chemcals
do not pose an unacceptable risk at these limts.

Fol | owi ng nont hs of intensive discussions and technical analysis,
the Conmittee recommended the devel opnent of three sets of rules: a
staged D)DBP Rul e (proposal: 59 FR 38668, July 29, 1994), an
“‘interim’ Enhanced Surface Water Treatment Rule (I ESWR) (proposal
59 FR 38832, July 29, 1994), and an Information Collection Rule (fina
61 FR 24354, May 14, 1996). The |ESWR would only apply to systens
serving 10,000 people or nore. The Commttee agreed that a ‘‘|ong-
term’ ESWR (LTESWIR) woul d be needed for systens serving fewer than
10, 000 peopl e when the results of nore research and water quality
noni tori ng becane avail able. The LTESWIR coul d al so include additional
refinements for |arger systens.

D. Overview of 1994 DBP Proposal

The proposed D/DBP Stage 1 rule addressed a nunmber of conpl ex and
interrelated drinking water issues. The proposal attenpted to bal ance
the control of health risks from conpounds formed during drinking water
di sinfection against the risks fromm crobial organisns (such as
G ardia lanblia, Cryptosporidium bacteria, and viruses) to be
controll ed by the | ESWR

The proposed Stage 1 D)DBP rule applied to all comunity water
systenms (CW5s) and nontransient noncommunity water systens (NTNCASS)



that treat their water with a chem cal disinfectant for either primary
or residual treatnent. In addition, certain requirenents for chlorine
di oxi de woul d apply to transient nonconmunity water systens because of
the short-termhealth effects fromhigh |l evels of chlorine dioxide
Following is a sumary of key conmponents of the 1994 proposed Stage 1
D/ DBP rul e.

1. MCLGs/ MCLs/ MRDLGs/ MRDLs

EPA proposed MCLGs of zero for chloroform bronodichl oronet hane
bronmoform bromate, and di chl oroacetic acid and MCLGs of 0.06 ng/L for
di bronochl oronmet hane, 0.3 ng/L for trichloroacetic acid, 0.04 ng/L for
chloral hydrate, and 0.08 ng/L for chlorite. In addition, EPA proposed
to lower the MCL for TTHVs from 0.10 to 0.080 ng/L and added an MCL for
five hal oacetic acids (i.e., the sumof the concentrations of nono-,
di-, and trichloroacetic acids and nono-and di bronpacetic acids) of
0.060 ng/L. EPA also, for the first tine, proposed MCLs for two
i norganic DBPs: 0.010 ng/L for bromate and 1.0 ng/L for chlorite.

In addition to proposing MCLGs and MCLs for several DBPs, EPA
proposed maxi num resi dual disinfectant |evel goals (MRDLGs) of 4 ng/L
for chlorine and chloram nes and 0.3 ng/L for chlorine dioxide. The
Agency al so proposed nmaxi mum resi dual disinfectant |evels (MRDLs) for
chlorine and chloramnes of 4.0 ng/L, and 0.8 ng/L for chlorine
di oxi de. MRDLs protect public health by setting linmts on the Ievel of
residual disinfectants in the distribution system MDLs are similar in
concept to MCLs--MCLs set linmits on contam nants and MRDLs set limts
on residual disinfectants in the distribution system MRDLs, |ike MCLs,
are enforceable, while MRDLGs, |ike MCLGs, are not enforceable.

2. Best Avail abl e Technol ogi es

EPA identified the best avail abl e technol ogy (BAT) for achieving
conpliance with the MCLs for both TTHVs and HAA5 as enhanced
coagul ation or treatnent with granul ar activated carbon with a ten
m nute enpty bed contact time and 180 day reactivation frequency
(GAC10), with chlorine as the primary and residual disinfectant. The
BAT for achi eving conpliance with the MCL for bronmate was control of
ozone treatnment process to reduce formation of bromate. The BAT for
achi eving conpliance with the chlorite MCL was control of precursor
renoval treatnent processes to reduce disinfectant demand, and contro
of chlorine dioxide treatnent processes to reduce disinfectant |evels.
EPA identified BAT for achieving conpliance with the MRDL for chlorine,
chl oram ne, and chlori ne di oxi de as control of precursor renoval
treatment processes to reduce disinfectant denmand, and control of
di sinfection treatment processes to reduce disinfectant |evels.

3. Treatnment Techni que

EPA proposed a treatnent technique that would require surface water
systenms and groundwat er systens under the direct influence of surface
wat er that use conventional treatnment or precipitative softening to
renove DBP precursors by enhanced coagul ati on or enhanced softening. A
systemwoul d be required to renpbve a certain percentage of tota
organi c carbon (TOC) (based on raw water quality) prior to the point of
conti nuous disinfection. EPA al so proposed a procedure to be used by a
PW5 not able to neet the percent reduction, to allow themto conply
with an alternative mni num TOC renoval |evel. Conpliance for systemns
required to operate with enhanced coagul ati on or enhanced softening was
based on a running annual average, conmputed quarterly, of normalized
nmont hl y TOC percent reductions.

4. Preoxidation (Predisinfection) Credit

The proposed rule did not allow PWss to take credit for conpliance
with disinfection requirenents in the SWIR/| ESWIR prior to renoving
required levels of precursors unless they nmet specified criteria. This
provi sion was nodified by the 1997 Federal Advisory Conmittee (see
bel ow) .

5. Anal ytical Methods

EPA proposed ni ne anal yti cal nmethods (sone of which can be used for
nmul ti ple anal yses) to ensure conpliance with proposed MRDLs for
chlorine, chloram nes, and chlorine di oxi de. EPA proposed nethods for
the anal ysis of TTHMs, HAA5, chlorite, bromate and total organic



car bon.
6. Effect on Small Public Water Systens

The Regulatory Flexibility Act (RFA), as anended by the Small
Busi ness
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Regul at ory Enforcenent Fairness Act (SBREFA), requires federa
agencies, in certain circunstances, to consider the econom c effect of
proposed regul ations on small entities. The agency must assess the
econom ¢ inpact of a proposed rule on small entities if the proposa
wi Il have a significant econonic inpact on a substantial nunber of
small entities. Under the RFA, 5 U.S.C. 601 et seq., an agency nust
prepare an initial regulatory flexibility analysis (I RFA) describing
the econonic inpact of a rule on small entities unless the agency
certifies that the rule will not have a significant inpact.

In the 1994 D/ DBP and | ESWIR proposal s, EPA defined snmall entities
as small PWss--serving 10,000 or fewer persons--for purposes of its
regul atory flexibility assessments under the RFA. EPA certified that
the IESWIR wi |l not have a significant inpact on a substantial nunber
of small entities, and prepared an | RFA for the DBP proposed rule. EPA
did not, however, specifically solicit conment on that definition. EPA
will use this sane definition of small PW5s in preparing the final RFA
for the Stage 1 DBP rule. Further, EPA plans to define small entities
in the same way in all of its future drinking water rul emaki ngs. The
Agency solicited public coment on this definition in the proposed
Nati onal Primary Drinking Water Regul ations: Consunmer Confi dence
Reports, 63 FR 7606, at 7620-21, February 13, 1998.

E. Formation of 1997 Federal Advisory Committee

In May 1996, the Agency initiated a series of public infornationa
neetings to exchange infornation on issues related to mcrobial and DY
DBP regul ations. To help nmeet the deadlines for the | ESWIR and Stage 1
DY DBP rul e established by Congress in the 1996 SDWA Amendnents and to
maxi m ze stakehol der participation, the Agency established the
M crobi al and Di sinfectants/Disinfection Byproducts (M DBP) Advisory
Conmittee under the Federal Advisory Conmittee Act (FACA) on February
12, 1997, to collect, share, and analyze new i nfornmation and data, as
well as to build consensus on the regulatory inplications of this new
i nformati on. The Committee consists of 17 nmenbers representi ng USEPA,
State and | ocal public health and regul atory agencies, |ocal elected
of ficials, drinking water suppliers, chem cal and equi prment
manuf acturers, and public interest groups.

The Conmittee net five tinmes, in March through July 1997, to
di scuss issues related to the | ESWR and Stage 1 DY DBP rule. Techni cal
support for these discussions was provided by a Technical Wrk G oup
(TW5 established by the Cormittee at its first nmeeting in March 1997.
The Conmittee’'s activities resulted in the collection, devel opment,
eval uation, and presentation of substantial new data and i nformation
related to key el enents of both proposed rules. The Committee reached
agreenment on the following major issues that were discussed in the 1997
NODA (USEPA, 1997a): (1) Maintaining the proposed MCLs for TTHWVs, HAA5
and bromate; (2) nodifying the enhanced coagul ati on requirenents as
part of DBP control; (3) including a mcrobial bench marking/profiling
to provide a methodol ogy and process by which a PWs and the State,
wor ki ng together, assure that there will be no significant reduction in
m crobial protection as the result of nodifying disinfection practices
in order to nmeet MCLs for TTHM and HAA5; (4) credit for conpliance with
appl i cabl e disinfection requirements should continue to be allowed for
di sinfection applied at any point prior to the first customer,
consistent with the existing Surface Water Treatnent Rule; (5)
nodi fication of the turbidity perfornmance requirenents and requirenents
for individual filters; (6) issues related to the MCLG for
Cryptosporidium (7) requirenents for removal of Cryptosporidium and



(8) provision for conducting sanitary surveys.

I1. Significant New Epi demiology Information for the Stage 1
Di si nfectant and Di sinfection Byproducts Rule

The preanble to the 1994 proposed rule provided a sumary of the
health criteria docunents for the foll owing DBPs: Bromate; chloram nes;
hal oacetic acids and chloral hydrate; chlorine; chlorine dioxide,
chlorite, and chlorate; and trihal onet hanes (USEPA, 1994a). The
information presented in 1994 was used to establish MCLGs and MRDLGs.
On Novenber 3, 1997, the EPA published a Notice of Data Availability
(NODA) summari zi ng new i nformation that the Agency has obtai ned since
the 1994 proposed rul e (USEPA, 1997a). The foll owi ng sections briefly
di scuss additional information received and anal yzed since the Novenber
1997 NODA. This new information concerns the following: (1) Recently
publ i shed epi dem ol ogy studi es exani ning the rel ati onship between
exposure to contam nants in chlorinated surface water and adverse
heal th outconmes; (2) an assessment of the Morris et. al. (1992) rmeta-
anal ysis of the epidem ol ogy studies published prior to 1996; (3)
recomendati ons nmade by an International Life Science Institute (ILSI)
expert panel on the application of the USEPA Proposed Guidelines for
Car ci nogen Assessnent (USEPA, 1996b) to data sets for chloroform and
di chl oroacetic acid; and (4) new | aboratory animal studies on bromate
and chlorite (also applicable to chlorine dioxide risk). This Notice
presents the concl usions of these suppl emental analyses as well as
their inplications for MCLGs, MCLs, MRDLGs, and MRDLs. The new
documents are included in the Docket for this action

As a result of this new information, the EPA requests comment on
the following: (1) Revisions to estimates of potential cancer cases
that can be attributed to exposure fromDBPs in chlorinated surface
wat er (USEPA, 1998a); (2) revisions to the noncancer assessnent for
chlorite and chlorine dioxide (USEPA, 1998b); (3) revisions to the
cancer quantitative risks for chloroform (USEPA, 1998c); (4) updates on
the cancer assessnent for bromate (USEPA, 1998d); and (5) updates on
the hazard characterization for dichloroacetic acid (USEPA, 1998e).

As in 1994, the assessnment of public health risks fromchlorination
of drinking water currently relies on inherently difficult and
i nconpl ete enpirical analysis. On one hand, epidem ol ogi c studies of
t he general population are hanpered by difficulties of design, scope,
and sensitivity. On the other hand, uncertainty is involved in using
the results of high dose animal toxicological studies of a few of the
nuner ous byproducts that occur in disinfected drinking water to
estimate the risk to humans from chronic exposure to | ow doses of these
and ot her byproducts. In addition, such studies of individua
byproducts cannot characterize the entire nixture of disinfection
byproducts in drinking water. Neverthel ess, while recognizing the
uncertainties of basing quantitative risk estimtes on [ ess than
conprehensive informati on regardi ng overall hazard, EPA believes that
t he wei ght - of - evi dence represented by the avail abl e epi dem ol ogi cal and
t oxi col ogi cal studies on DBPs and chlorinated surface water continues
to support a hazard concern and a protective public health approach to
regul ation.

A. Epi dem ol ogi c Associ ati ons Between Exposure to DBPs in Chlorinated
Wat er and Cancer

The preanble to the 1994 proposed rul e discussed several cancer
epi dem ol ogy studies that had been conducted over the past 20 years to
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exam ne the associ ati on between exposure to chlorinated water and
cancer (USEPA, 1994a). At the tinme of the 1994 proposed rule, there was
di sagreenent anong the nenbers of the Negotiating Comrmittee on the
concl usions that could be drawn fromthese studi es. Sone nenbers of the



Conmittee felt that the cancer epidem ol ogy data, taken in conjunction
with the results fromtoxicol ogi cal studies, provided anple and
sufficient weight of evidence to conclude that exposure to DBPs in
drinking water could result in increased cancer risk at |evels
encountered in sone public water supplies. OQher nenbers of the
Conmittee concluded that the cancer epideniol ogy studies on the
consunption of chlorinated drinking water to date were insufficient to
provide definitive information for the regulation. As a response, EPA
agreed to pursue additional research to reduce the uncertainties
associ ated with these data and to better characterize and project the
potential human cancer risks associated with the exposure to
chlorinated water. To inplement this commtnent, EPA sponsored an
expert panel to review the state of cancer epidem ol ogy research
(USEPA, 1994b). As discussed in the 1997 NODA, EPA has i nmpl enented
several of the panel’s reconmmendations for short-and | ong-termresearch
to i nprove the assessment of risks, using the results from cancer
epi dem ol ogy studi es.

The 1994 proposed rule al so presented the results of a meta-
anal ysis that pooled the relative risks fromten cancer epi dem ol ogy
studies in which there was a presunmed exposure to chlorinated water and
its byproducts (Morris et al., 1992). A conclusion of this meta-
anal ysis was a cal cul ated upper bound estinmate of approximately 10,000
cases of rectal and bl adder cancer cases per year that could be
associ ated with exposure to chlorinated water and its byproducts in the
United States. The ten studies included in the nmeta-analysis had
nmet hodol ogi cal issues and significant design differences. There was
consi derabl e debate anong the nenmbers of the Negotiating Conmittee on
the extent to which the results of this neta-analysis should be
consi dered in devel opi ng benefit estinmates associated with the proposed
rule. Negotiators agreed that the range of possible risks attributed to
chl ori nated water shoul d consider both toxicol ogical data and
epi dem ol ogi cal data, including the Murris et al. (1992) estimates. No
consensus, however, could be reached on a single likely risk estinmate.

For purposes of estimating the potential benefits fromthe proposed
rul e, EPA used a range of estimated cancer cases that could be
attributed to exposure to chlorinated waters of |ess than 1 cancer case
per year up to 10,000 cases per year. The less than 1 cancer case per
year was based on toxicology (the nmaxi mum i kelihood cancer risk
estimate cal culated from ani nal assay data for THVs). The 10, 000 cases
per year was based on epidemiology (estimates fromthe Mirris et al
(1992) neta-anal ysis).
1. Assessnment of the Morris et al. (1992) Meta-Analysis

Based on the recomendati ons fromthe 1994 expert panel on cancer
epi dem ol ogy, EPA conpl eted an assessnent of the Murris et al. (1992)
net a- anal ysi s whi ch conprises three reports: (1) A Report conpleted for
EPA whi ch evaluated the Morris et al. (1992) neta-anal ysis (Pool e,
1997); (2) EPA' s assessnent of the Poole report (USEPA, 1998f); and (3)
a peer review of the Poole report and EPA’' s assessment of the Poole
report (USEPA, 1998g). Each of these docunents is briefly discussed
bel ow. The full reports together with Dr. Murris's coments on the
Pool e Review (Morris, 1997) can be found in the docket for this Notice.

a. Poole Report. A report was prepared for EPA which nade
reconmendati ons regardi ng whether the data used by Mrris et al. (1992)
shoul d be aggregated into a single summary estimate of risk. The report
al so conmented on the utility of the aggregated estimates for risk
assessment purposes (Poole, 1997). This report was limted to the
studies available to Murris et al. (1992) plus four additional studies
t hat EPA requested to be included (1jsselnuiden et al., 1992; MGeehin
et al., 1993; Vena et al., 1993; and King and Marrett, 1996). Poole
observed that there was consi derabl e heterogeneity anmong the data and
that there was evidence of publication bias within the body of
literature. When there is significant heterogeneity anong studies,
aggregation of the results into a single sunmary estimte may not be
appropriate. Publication bias refers to the situation where the
literature search and inclusion criteria for studies used for the neta-



anal ysis indicate that the sanple of studies used is not representative
of all the research (published and unpublished) that has been done on a
topic. In addition, Poole found that the aggregate estimtes reported
by Morris et al. (1992) were sensitive to small changes in the analysis
(e.g., addition or deletion of a single study). Based on these
observations, Pool e recommended that the cancer epidem ol ogy data
considered in his evaluation should not be conbined into a single
sunmary estimate and that the data had limted utility for risk
assessment purposes. Many of the reasons cited by Poole for why it was
not appropriate to conmbine the studies into a single point estinmate of
risk were noted in the 1994 proposal (Farland and G bb, 1993; Mirphy,
1993; and Craun, 1993).

b. EPA' s Eval uati on of Poole Report. EPA reviewed the concl usions
fromthe Poole report and generally concurred with Poole’s
recomendat i ons (USEPA, 1998f). EPA concluded that Pool e presented
reasonabl e and supportabl e evi dence to suggest that the work of Mrris
et al. (1992) should not be used for risk assessnment purposes wi thout
further study and revi ew because of the sensitivity of the results to
anal ytical choices and to the addition or deletion of a single study.
EPA agreed that the studi es were highly heterogeneous, thus undermn ning
the ability to conbine the data into a single sunmary estinmate of risk.

c. Peer Review of Poole Report and EPA' s Eval uati on. The Pool e
report and EPA's eval uati on were reviewed by five epidemn ol ogi c experts
from academ a, government, and industry (EPA, 1998g). Overall, these
reviewers agreed that the Poole report was of high quality and that he
had used defensi bl e assunptions and techni ques during his analysis.

Most of the reviewers concluded that the report was correct inits
assessnent that these data should not be conbined into a single sumary
estimate of risk.

2. New Cancer Epidem ol ogy Studies

Several cancer epideni ol ogi cal studies exam ning the association
bet ween exposure to chlorinated surface water and cancer have been
publ i shed subsequent to the 1994 proposed rule and the Murris et al
(1992) neta-analysis (MGeehin et al., 1993; Vena et al. 1993; King and
Marrett, 1996; Doyle et al., 1997; Freedman et al., 1997; Cantor et al
1998; and Hil desheimet al., 1998). These studies, with the exception
of Freedman et al. (1997), were described in the ‘' Summaries of New
Health Effects Data’ ' (USEPA, 1997b) that was included in the docket
for the 1997 NODA

In general, the new studies cited above are better designed than
the studies published prior to the 1994 proposal. The newer studies
general ly include incidence cases of disease, interviews with the study
subj ects and better exposure assessnents. Based on the entire cancer
epi dem ol ogy dat abase, bl adder cancer studi es provide
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better evidence than other types of cancer for an associati on between
exposure to chlorinated surface water and cancer. EPA believes the
associ ati on between exposure to chlorinated surface water and col on and
rectal cancer cannot be determined at this time because of the linited
data avail able for these cancer sites (USEPA, 1998a).
3. Quantitative Ri sk Estimation for Cancers From Exposure to
Chl ori nated Water

Under Executive Order 12866 (58 FR 51735, COctober 4, 1993), the EPA
nmust conduct a regulatory inpact analysis (RIA). In the 1994 proposal
EPA used the Morris et al. (1992) neta-analysis in the RIA to provide
an upper-bound estimate of 10,000 possi bl e cancer cases per year that
could be attributed to exposure to chlorinated water and its associ ated
byproducts. EPA al so estimated that an upper bound of 1200-3300 of
t hese cancer cases per year could be avoided if the requirenents for
the Stage 1 DBP rule were inplenented (USEPA, 1994a). EPA acknow edged
the uncertainty in these estimtes, but believed they were the best
that coul d be devel oped at the tine.

Based on the evaluations cited above, EPA does not believe it is



appropriate to use the Murris et al. (1992) study as the basis for
estimating the potential cancer cases that could be attributed to
exposure to DBPs in chlorinated surface water. Instead, EPA is
providing for comrent an anal ysis based on a nore traditional approach
for estimating the potential cancer risks fromexposure to DBPs in
chlorinated surface water that does not rely on pooling or aggregating
the epidenmiologic data into a single sumary estinmate. Based on a
narrower set of inmproved studies, this approach utilizes the popul ation
attributable risk (PAR) concept and presents a range of potential risks
and not a single point estimate. As discussed bel ow, there are a nunber
of uncertainties associated with the use of this approach for
estimating potential risks. Therefore, EPA requests conments on both

t he PAR net hodol ogy as well as on the assunptions upon which it is
based.

Epi deni ol ogi sts use PAR to quantify the fraction of the disease
burden in a popul ation (e.g., cancer) that could be elimnated if the
exposure was absent (e.g., DBPs in chlorinated water) (Rockhill, et
al ., 1998). PARs provide a perspective on the potential nagnitude of
ri sk associated with various exposures. The concept of PAR is known by
many nanes (e.g, attributable fraction, attributable proportion
etiologic fraction). For this Notice, the termPAR will be used to
avoi d confusion. A range of PARs better captures the heterogeneity of
the risk estimates than a single point estinate.

In the PAR anal ysis of the cancer epidem ol ogy data and the
devel opnent of the range of potential cancer cases attributable to
exposure to DBPs in chlorinated surface water, EPA recognizes that a
causal relationship between chlorinated surface water and bl adder
cancer has not yet been denonstrated by epi dem ol ogy studi es. However,
several studi es have suggested a weak association in various subgroups.
EPA presents potential cancer case estinates as upper bounds of
suggested risk as part of the Agency’s analysis of potential costs and
benefits associated with this rule. EPA focused its current eval uation
on bl adder cancer because the number of quality studies that are
avail abl e for other cancer sites such as colon and rectal cancers are
very linmted.

EPA estimated PARs for the best bladder cancer studies that
provi ded enough information to cal cul ate a PAR (USEPA, 1998a). In
addi tion, EPA selected studies for inclusion in the quantitative
analysis if they net all three of the following criteria: (1) The study
was a popul ation based case-control or cohort study conducted to
eval uate the rel ati onship between exposure to chlorinated drinking
wat er and inci dence cancer cases, based on personal interviews (no
cohort studies were found that nmet all 3 criteria); (2) the study was
of high quality and well designed (e.g., good sanple size, high
response rate, and adjusted for confounding factors); and (3) the study
had adequat e exposure assessnents (e.g., residential histories, actua
THM data). Based on the above selection criteria, five bladder cancer
studies were selected for estimati ng PARs: Cantor et al., 1985;
McGeehin et al. 1993; King and Marrett, 1996; Freedman et al., 1997;
and Cantor et al., 1998. PARs were derived for two exposure categories:
years of exposure to chlorinated surface water; and THM | evel s and
years of chlorinated surface water exposure.

The PARs fromthe five bl adder cancer studies for the two exposure
categories ranged from 2-17% The uncertainties associated with these
PAR estimates are | arge as expected, due to the comon preval ence of
both the disease (bl adder cancer) and exposure (chlorinated drinking
wat er). Based on 54,500 expected new bl adder cancer cases in the U S.,
as projected by NC (1998) for 1997, the upper bound estinmate of the
nunber of potential bladder cancer cases per year potentially
associ ated with exposure to DBPs in chlorinated surface water was
estimted to be 1100-9300.

EPA made several inportant assunptions when eval uating the
application of the PAR range of estinmated bl adder cancer cases from
these studies to the U S. population. They include the followi ng: (i)
The study popul ation sel ected for each of the cancer epideniol ogy



studies are reflective of the entire U S. popul ation that devel ops
bl adder cancer; (ii) the percentage of bladder cancer cases exposed to
DBPs in the reported studies are reflective of the bladder cancer cases
exposed to DBPs in the U S. population; (iii) the levels of DBP
exposure in the bladder studies are reflective of the DBP exposure in
the U S. population; and (iv) the possible relationship between
exposure to DBPs in chlorinated surface water and bl adder cancer is
causal
EPA believes that these assunptions would not be appropriate for
estimating the potential upper bound cancer risk for the U S.
popul ati on based on a single study. However, the Agency believes that
t hese assunptions are appropriate given the nunber of studies used in
t he PAR anal ysis and for gaining a perspective on the range of possible
upper bound risks that can be used in establishing a framework for
further cost-benefit analysis. In addition, EPA believes these
assunptions are appropriate given the SDWA nandate that ‘‘drinking
wat er regul ati ons be established if the contam nant may have an adverse
effect on the health of persons’’ (SDWA--Section 1412(b)(1)A). Because
of this mandate, EPA believes that when the scientific data indicates
there may be causality, such an anal ytical approach is appropriate. EPA
bel i eves the assunption of a potential causal relationship is supported
by the wei ght-of-evidence fromtoxicol ogy and epi dem ol ogy. Toxi col ogy
studi es have shown several individual DBPs to be carci nogenic and
mut ageni ¢, while the epideniol ogy data have shown weak associ ati ons
bet ween several cancer sites and exposure to chlorinated surface water.
EPA notes and requests coment on the follow ng additional issues
associ ated with basing an estimte of the potential bladder cancer
cases that can be attributed to DBPs in chlorinated surface water from
the five studies selected for this analysis. The results generally
showed weak statistical significance and were not al ways consi stent
anong the studi es. For exanple, sonme reviewers believe that two studies
showed statistically significant effects only for nmale snokers, while
two ot her studies showed hi gher effects for non-snokers.
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One study showed a significant association with exposure to chlorinated
surface water but not chlorinated ground water, while another showed
the opposite result. Furthernore, two studi es which exam ned the

ef fects of exposure to higher levels of THW failed to find a
significant association between | evel of THVs and cancer. The Agency
notes that it is not necessary that statistical significance be shown
in order to conduct a PAR analysis as was stated by peer-reviewers of
thi s anal ysis.

4, Peer-Review of Quantitative Ri sk Estimates

The quantitative cancer risks estimated fromthe five epideni ol ogy
studi es derived through the cal cul ati on of individual PARs has
under gone external peer review by three expert epidemni ol ogi sts (USEPA,
1998a). Two peer reviewers concurred with the decision to derive a PAR
range. This approach was deened nore appropriate than the selection of
a single study or aggregation of study results. One reviewer indicated
significant reservations with this approach based not on the nethod,
but the inconclusivity of the epidem ol ogy database and stated that it
was premature to performa PAR anal ysis because it woul d suggest that
t he epideni ol ogical information is nore consistent and conplete than it
actually is. To better present the degree of variability, this reviewer
suggested an alternative approach that involves a graphica
presentation of the individual odds ratios and their corresponding
confidence intervals. Two reviewers agreed that there is not enough
information to present an estimte of the PAR for colon and recta
cancer.

EPA understands the issues raised regardi ng the use of PARs and
recogni zes there may be controversy on using this approach with the
avai | abl e epi deni ol ogy data. However, as stated above, EPA believes the
PAR approach is a useful tool for estimating the potential upper bound



risk for use in devel oping the regulatory inpact analysis. EPA agrees
with two of the reviewers that there is not enough infornmation to
present an estimate of colon and rectal risk at this tine using a PAR
appr oach.
5. Summary of Key Observations

The 1994 proposal included a meta-analysis of 10 cancer
epi dem ol ogy studies that provided an estimate of the nunber of bl adder
and rectal cancer cases per year that could be attributed to
consunption of chlorinated water and its associ ated byproducts (Mrris
et al., 1992). Based on the eval uations previously described, EPA does
not believe it is appropriate to use the Mrris et al. (1992) study as
the basis for estimating the potential cancer cases that could be
attributed to exposure to DBPs in chlorinated surface water. Instead,
EPA has focused on a smaller set of higher quality studies and
performed a PAR analysis to estinmate the potential cancer risks from
exposure to DBPs in chlorinated surface water that does not rely on
pooling or aggregating the data into a single sumary estinmate, as was
done by Morris et al. (1992). EPA focused the current eval uation on
bl adder cancer because there are nore appropriate studies of higher
qual ity avail abl e upon which to base this assessment than for other
cancer sites. It was decided to present the potential nunber of cancer
cases as a range instead of a single point estinmate because this would
better represent the uncertainties in the risk estimtes. The nunber of
potential bl adder cancer cases per year that could be associated with
exposure to DBPs in chlorinated surface water is estimted to be an
upper bound range of 1100-9300 per year

In the PAR anal ysis of the cancer epidem ol ogy data and the
devel opnent of the range of potential cancer cases attributable to
exposure to DBPs in chlorinated surface water, EPA presents the
estimates as upper bounds of any suggested risk. As was debated during
the 1992-1993 M DBP Regul atory Negoti ation process, EPA believes that
there are insufficient data to conclusively denonstrate a causa
associ ati on between exposure to DBPs in chlorinated surface water and
cancer. EPA recogni zes the uncertainties of basing quantitative
estimates using the current health database on chlorinated surface
waters and has identified a nunmber of issues that nust be considered in
interpreting the results of this analysis. Nonethel ess, the Agency
bel i eves that the overall weight-of-evidence fromavail abl e
epi dem ol ogi ¢ and toxi col ogi ¢ studies on DBPs and chl ori nated surface
wat er continues to support a hazard concern and thus, a prudent public
heal th protective approach for regul ation
6. Requests for Comments

EPA is not considering any changes to the recomended regul atory
approach contained in the 1994 proposal, and discussed further in the
1997 NODA, based on the upper bound risk analysis issues discussed
above. Nonet hel ess, EPA requests coments on the concl usions fromthe
Pool e report (Poole, 1997), EPA' s assessment of the Poole report (EPA,
1998f), the peer-review of the Poole report and EPA' s assessnent of the
Pool e report (EPA, 1998g); and Dr. Morris conments on the Poole review
(Morris, 1997). EPA also requests conmments on its quantitative analysis
(PAR approach) to estimate the upper bound risks from exposure to DBPs
in chlorinated surface water, the nethodol ogy for estimating the nunber
of cancer cases per year that could be attributed to exposure to DBPs
in chlorinated surface water, and any alternative approaches for
estimating the upper bound estimates of risk. In particular, EPA
requests conment on the extent to which the approach used in the PAR
anal ysi s addresses the concerns identified by Poole and others
regarding the earlier Mrris meta-analysis. EPA al so requests conments
on the peer review of the PAR anal ysis.

B. Epi dem ol ogi ¢ Associ ati ons Between Exposure to DBPs in Chlorinated
Wat er and Adverse Reproductive and Devel opnental Effects

The 1994 proposed rul e di scussed several reproductive epideni ol ogy
studies. At the time of the proposal, it was concluded that there was



no conpelling evidence to indicate a reproductive and devel opnment a
hazard due to exposure to chlorinated water because the epideni ol ogic
evi dence was i nadequate and the toxicological data were limted. In
1993, an expert panel of scientists was convened by the Internationa
Life Sciences Institute to review the avail able human studi es for

devel opnent al and reproducti ve outcones and to provide research
recomendati ons (USEPA/ILSI, 1993). The expert panel concluded that the
epi dem ol ogic results should be considered prelimnary given that the
research was at a very early stage (USEPA/ILSI, 1993; Reif et al.

1996). The 1997 NODA and the ‘* Summaries of New Health Effects Data’
(USEPA, 1997b) presented several new studies (Savitz et al., 1995;
Kanitz et al. 1996; and Bove et al., 1996) that had been published
since the 1994 proposed rule and the 1993 ILSI panel review Based on
the new studies presented in the 1997 NODA, EPA stated that the results
were inconclusive with regard to the associ ati on between exposure to
chlorinated waters and adverse reproductive and devel opnental effects
(62 FR 59395)
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1. EPA Panel Report and Recommendations for Conducti ng Epi dem ol ogi ca
Research on Possi bl e Reproductive and Devel opnental Effects of Exposure
to Disinfected Drinking Water

EPA convened an expert panel in July 1997 to eval uate epi dem ol ogic
studi es of adverse reproductive or devel opnental outcomes that nmay be
associated with the consunption of disinfected drinking water published
since the 1993 ILSI panel review. A report was prepared entitled ‘‘EPA
Panel Report and Recommrendati ons for Conducting Epi demi ol ogi ca
Research on Possi bl e Reproductive and Devel opnmental Effects of Exposure
to Disinfected Drinking Water’' (USEPA, 1998h). The 1997 expert pane
was al so charged to devel op an agenda for further epidem ol ogi ca
research. The 1997 panel concluded that the results of several studies
suggest that an increased relative risk of certain adverse outcones my
be associated with the type of water source, disinfection practice, or
THM | evel s. The panel enphasized, however, that nost relative risks are
noderate or small and were found in studies with limtations of their
design or conduct. The small magnitude of the relative risk found may
be due to one or nore sources of bias, as well as to residua
confounding (factors not identified and controlled). Additiona
research is needed to assess whet her the observed associations can be
confirmed. The panel considers a recent study by Waller et al. (1998),
di scussed below, to provide a strong basis for further research. This
study was funded in part by EPA as an element of the research program
agreed to as part of the 1992/1993 negoti ated M DBP rul enaki ng.
2. New Reproductive Epidenm ol ogy Studies

Three new reproductive epi deni ol ogy studi es have been published
since the 1997 NODA. The first study (Kl otz and Pyrch, 1998) exani ned
the potential association between neural tube defects and certain
drinki ng water contam nants, including sone DBPs. In this case-control
study, births with neural tube defects reported to New Jersey’s Birth
Defects Registry in 1993 and 1994 were natched agai nst control births
chosen randomy fromacross the State. Birth certificates were exani ned
for all subjects, as was drinking water data corresponding to the
nmother’s residence in early pregnancy. The authors reported el evated
odds ratios (ORs), generally between 1.5 and 2.1, for the association
of neural tube defects with TTHVs. However, the only statistically
significant results were seen when the anal ysis was isolated to those
subj ects with the highest THM exposures (greater than 40 ppb) and
limted to those subjects with neural tube defects in which there were
no ot her mal formations (odds ratio 2.1; 95% confidence interval 1.1-
4.0). Neither HAAs or hal oacetonitriles (HANs) showed a cl ear
rel ationship to neural tube defects but nonitoring data on these DBPs
were nore limted than for THVs. Nitrates were not observed to be
associ ated with neural tube defects. Certain chlorinated sol vent
cont anmi nants were al so studi ed but occurrence levels were too lowto



assess any relationship to neural tube defects. This study is available
in the docket for this NODA Although EPA has not conpleted its review
of the study, the Agency is proceeding on the prenise that this study
will add to the weight-of-evidence concerning the potential adverse
reproductive health effects fromDBPs, but will not by itself provide
sufficient evidence for further regulatory actions.

Two studies | ooked at early termm scarriage risk factors. The

first of these studies (Waller et al., 1998) exani ned the potentia
associ ati on between early termm scarriage and exposure to THVs. The
second study (Swan et al., 1998) exanined the potential association

between early termmi scarriage and tap water consunption. Both studies
used the same group of pregnant wonen (5,144) living in three areas of
California. They were recruited fromthe Santa Cl ara area, the Fontana
area in southern California, or the Wal nut Creek area. The wonmen were
all nenmbers of the Kaiser Permanente Medical Care Program and were

of fered a chance to participate in the study when they called to
arrange their first prenatal visit. In the Waller et al. (1998) study,
additional water quality information fromthe wonen’s drinking water
utilities were obtained so that THM | evel s coul d be determ ne. The Swan
et al. (1998) study provided no quantitative nmeasurenents of THVs (or
DBPs), and thus, provided no additional information on the risk from
chlorination byproducts. Because of this, only the Waller et al. (1998)
study is summarized bel ow.

In the Waller et al. (1998) study, utilities that served the wonen
in this study were identified. Utilities provided THM neasurenents
taken during the tine period participants were pregnant. The TTHM | evel
in a participant’s hone tap water was estinated by averagi ng wat er
di stribution system TTHM neasurenments taken during a participants first
three nonths of pregnancy. This *‘first trimester TTHM | evel’’ was
conbined with self reported tap water consunption to create a TTHM
exposure | evel. Exposure |levels of the individual THVW (e.g.
chloroform bronoform etc.) were estimated in the same manner. Actua
THM I evel s in the honme tap water were not neasured.

Wen wi th high TTHM exposure in home tap water (drinking five or
nore gl asses per day of cold hone tap water containing at |east 75 ug
per liter of TTHW had an early termm scarriage rate of 15.7%
conpared with a rate of 9.5% anong wonen with | ow TTHM exposure
(drinking less than 5 gl asses per day of cold hone tap water or
drinki ng any anount of tap water containing | ess than 75 ug per liter
of TTHM. An adjusted odds ratio for early termm scarriage of 1.8 (95%
confidence interval 1.1-3.0) was deternined.

VWhen the four individual trihal onmethanes were studied, only high
br omodi chl or onet hane (BDCM exposure, defined as drinking five or nore
gl asses per day of cold honme tap water containing <gr-thn-eq>18 ug/L
br onodi chl or onet hane, was associated with early termmiscarriage. An
adj usted odds ratio for early termm scarriage of 3.0 (95% confidence
interval 1.4-6.6) was determ ned.

3. Summary of Key Observations

The Valler et al. (1998) study reports that consunption of tapwater
contai ning high concentrations of THVs, particularly BDCM is
associated with an increased risk of early termm scarriage. EPA
bel i eves that while this study does not prove that exposure to THMWs
causes early termmiscarriages, it does provide inportant new
i nformati on that needs to be pursued and that the study adds to the
wei ght - of - evi dence whi ch suggests that exposure to DBPs may have an
adverse effect on humans.

EPA has an epi dem ol ogy and toxicol ogy research programthat is
exam ning the relationship between DBPs and adverse reproductive and
devel opnental effects. In addition to conducting scientifically
appropriate followup studies to see if the observed association in the
VWl ler et al. (1998) study can be replicated el sewhere, EPA will be
working with the California Departnent of Health Services to inprove
estimates of exposure to DBPs in the existing study popul ation. A nore
conpl ete DBP exposure data base is being devel oped by asking water
utilities in the study area to provide additional information



including levels of other types of DBPs (e.g., haloacetic
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acids). These efforts will help further assess the significance of the
VWal ler et al. (1998) study, associated concerns, and how further
foll owup work can best be inplenented. EPA will collaborate with the
Centers for Disease Control and Prevention (CDC) in a series of studies
to evaluate if there is an association between exposure to DBPs in
drinking water and birth defects. The Agency is also involved in a
col  aborative testing programwi th the National Toxicol ogy Program
(NTP) under which several individual DBPs have been sel ected for
reproductive and devel opmental screening tests. Finally, EPAis
conducti ng several toxicology studies on DBPs other endpoints of
concern including exam ning the potential effects of BDCM on nal e
reproductive endpoints. This information will be used in devel oping the
Stage 2 DBP rule. In the neantinme, the Agency plans to proceed with the
1994 D/ DBP proposal for tightening the control for DBPs.
4. Requests for Coments

EPA is not considering any changes to the recomended regul atory
approach contained in the 1994 proposal, and discussed further in the
1997 NODA, based on the new reproductive epi dem ol ogy studi es di scussed
above. Nonet hel ess, EPA requests conments on the findings fromthe
Klotz, et al. (1998) and Waller et al. (1998) study and EPA' s
concl usi ons regardi ng the studies.

I1l. Significant New Toxicol ogi cal Information for the Stage 1
Di si nfectants and Di sinfection Byproducts

The 1997 NODA revi ewed new toxicol ogi cal information that becane
avai l abl e for several of the DBPs after the 1994 proposal (USEPA, 1997a
and b). In that Notice, it was pointed out that several forthcom ng
reports were not available in tinme for consideration during the 1997
FACA process. Reports now avail abl e include a two-generation
reproductive rat study of sodiumchlorite sponsored by the Chem ca
Manuf act urer Associ ation (CMA, 1996); an EPA two-year cancer rodent
study of bromate (DeAngelo et al., 1998); and the International Life
Sciences Institute (1LSlI) expert panel report of chloroformand
di chl oroacetic acid (ILSI, 1997). These reports are di scussed bel ow, as
wel | as EPA's anal yses and concl usi ons based on this new i nformation

A. Chlorite and Chl ori ne Di oxi de

The 1994 proposal included an MCLG of 0.08 ng/L and an MCL of 1.0
ng/L for chlorite. The proposed MCLG was based on an RfD of 3 ng/kg/d
estimated from a | owest-observed-adverse-effect-1evel (LOAEL) for
neur odevel opnental effects identified in a rat study by Mbley et al
(1990). This determ nation was based on a wei ght of evidence eval uation
of all the available data at that tinme (USEPA, 1994a). An uncertainty
factor of 1000 was used to account for inter- and intra-species
differences in response to toxicity (a factor of 100) and a factor of
10 for use of a LOAEL. The EPA proposed rule also included an MRDLG of
0.3 nmg/L and an MRDL of 0.8 ng/L for chlorine dioxide. The proposed
MRDLG was based on a RFD of 3 ng/kg/d estimated from a no-observed-
adverse-effect-level (NOAEL) for devel opmental neurotoxicity identified
froma rat study (One et al., 1985; see USEPA, 1994a). This
determ nati on was based on a wei ght of evidence evaluation of all the
avai |l abl e data at that tine (USEPA, 1994a). An uncertainty factor of
300 was applied that was conmposed of a factor of 100 to account for
inter- and intra-species differences in response to toxicity and a
factor of 3 for lack of a two-generation reproductive study necessary
to evaluate potential toxicity associated with lifetine exposure. To
fill this inportant data gap, the Chemi cal Manufacturers Associations
(CVMA) agreed to conduct a two-generation reproductive study in rats.
Sodium chlorite was used as the test compound. It should be noted that



data on chlorite are relevant to assessing the risks of chlorine

di oxi de because chl ori ne di oxi de rapidly disassociates to chlorite (and
chloride) (USEPA, 1998b). Therefore, the new CVA two-generation
reproductive chlorite study will be considered in assessing the risks
for both chlorite and chlorine dioxide.

Since the 1994 proposal, CMA has conpleted the two-generation
reproductive rat study (CVA, 1996). EPA has reviewed the CVA study and
has conpl eted an external peer review of the study (EPA, 1997c). In
addi ti on, EPA has reassessed the noncancer health risk for chlorite and
chl ori ne di oxi de considering the new CVA study (USEPA, 1998b). This
reassessnent has been peer reviewed (USEPA, 1998b). Based on this
reassessnment, EPA is considering changing the proposed MCLG for
chlorite fromO0.08 ng/L to 0.8 ng/L based on the NOAEL identified from
the new CVA study. Since data on chlorite are considered relevant to
chlorine dioxide risks and the two generation reproduction data gap has
been filled, EPA is also considering changing the proposed MRDLG for
chlorine dioxide from0.3 ng/L to 0.8 ng/L. The basis for these changes
are di scussed bel ow.

1. 1997 CVA Two- Generation Reproduction Rat Study

The CMVA two-generation reproductive rat study was designed to
eval uate the effects of chlorite (sodiumsalt) on reproduction and pre-
and post-natal devel opnent when administered orally via drinking water
for two successive generations (CMA, 1996). Devel opnmenta
neurotoxicity, hematological, and clinical effects were al so eval uated
in this study.

Sodium chlorite was adm nistered at 0, 35, 70, and 300 ppmin
drinking water to male and fenal e Sprague Dawl ey rats (F<INF>0</I|NF>
generation) for ten weeks prior to mating. Dosing continued during the
mati ng period, pregnancy and | actation. Reproduction, fertility,
clinical signs, and histopathol ogy were eval uated i n F<I NF>0</1 NF> and
F<INF>1</I NF> (offspring fromthe first generation of mating) nales and
femal es. F<INF>1</INF> and F<I NF>2</INF> (offspring fromthe second
generation of mating) pups were evaluated for growh and devel opnent,
clinical signs, and histopathology. In addition, F<INF>1</INF> ani mals
from each dose group were assessed for neurotoxicity (e.g.
neur ohi st opat hol ogy, notor activity, learning ability and nmenory
retention, functional observations, auditory startle response). Limted
neur ot oxi col ogi cal eval uati ons were conducted on F<I NF>2</| NF> pups.

The CMA report concluded that there were no treatnent rel ated
effects at any dose level for systemc, reproductive/devel opnental, and
devel opnental neurol ogi cal end points. The report indicates that there
were small statistically significant decreases in the maxi num response
to auditory startle response in the F<INF>1</INF> aninals at the md
and hi gh dose (70 and 300 ppn); this neurol ogical effect was not
considered to be toxicologically significant. A reduction in pup weight
and decreased body wei ght gain through lactation in the F<INF>1</| NF>
and F<INF>2</INF> animal s and a decrease in body weight gain in the
F<I NF>2</I NF> mal es at 300 ppm were noted. Decreases in liver weight in
F<I NF>0</I NF> and F<INF>1</INF> aninmals, as well as reductions in red
bl ood cell indices in F<INF>1</INF> aninals at 300 ppmand 70 ppm were
noted. M nor henmatol ogical effects were found in F<INF>1</|NF> fenal es
at 35 ppm CMA concl uded that the effects noted above were not
clinically or toxicologically significant. A NOAEL of 300 ppm was
identified in the CMA report for reproductive toxicity and for
devel opnent al neurotoxic effects, and a NOAEL of 70 ppm for
hemat ol ogi cal effects. EPA disagrees with the CMA concl usions regarding
t he NOAEL of 300 ppm for the reproductive and
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devel opnent al neurol ogical effects for this study as di scussed bel ow
2. External Peer Review of the CVA Study

EPA has eval uated the CMA 2-generation reproductive study and
concl uded that the study design was consistent with EPA testing
gui del i nes (USEPA, 1992). Additionally, an expert peer review of the



CMVA study was conducted and indicated that the study design and
anal yses were adequate (USEPA, 1997c). Although the study design was
consi dered adequate and consistent with EPA guidelines, the peer review
poi nted out sone linmtations in the study (USEPA, 1997c). For exanpl e,
devel opnental neurotoxicity eval uati ons were conducted after exposure
ended at weaning. This is consistent with EPA testing guidelines and
shoul d potentially detect effects on the devel oping central nervous
system Neverthel ess, the opportunity to detect neurol ogical effects
due to continuous or lifetine exposure nmay be reduced. The peer review
general |y questioned the CMA concl usions regardi ng the NOAELs for this
study and indicated that the NOAEL shoul d be | ower than 300 ppm The
majority of peer reviews reconmmended that the NOAEL for reproductive/
devel opnental toxicity be reduced to 70 ppm given the treatnent rel ated
effects found at 300 ppm and that the NOAEL for neurotoxicity be
reduced to 35 ppm based on significant changes in the naxi numresponses
in startle anplitude and absolute brain weight at 70 and 300 ppm The
reviewers indicated that a NOAEL was not observed for hematol ogi ca
effects and noted that the CMA conclusion for selecting the 70 ppm
NCAEL for the hematol ogy variabl es needs to be expl ai ned further
3. MCLG for Chlorite: EPA s Reassessment of the Noncancer Risk

EPA has deternined that the NOAEL for chlorite should be 35 ppm (3
ng/ kg/ d chlorite ion, rounded) based on a weight of evidence approach
The data considered to support this NOAEL are sunmarized in USEPA
(1998b) and included the CVA study as well as previous reports on
devel opnent al neurotoxicity (USEPA, 1998b). The NOAEL of 35 ppm (3 ny/
kg/d chlorite ion) is based on the follow ng effects observed in the
CMVA study at 70 and 300 ppmchlorite: Decreases in absolute brain and
liver weight, and |owered auditory startle anplitude. Decreases in pup
wei ght were found at the 300 ppm and thus a NOAEL of 70 ppm for
reproductive effects is considered appropriate (USEPA, 1998b). Although
70 ppm appears to be the NOAEL for henolytic effects, the NOAEL and
LOAEL are difficult to discern for this endpoint given that m nor
changes were reported at 70 and 35 ppm EPA considers the basis of the
NOAELs to be consistent with EPA risk assessnent guidelines (USEPA,
1991, 1998i, 1996a). Furthernore, a NOAEL of 35 ppmis supported by
effects (particularly neurodevel opmental effects) found in previously
conduct ed studies of chlorite and chlorine dioxide (USEPA, 1998b).

An RfD of 0.03 ng/kg/d is estinmated using a NOAEL of 3 ngy/kg/d and
an uncertainty factor of 100 to account for inter- and intra-species
di fferences. The revised MCLG for chlorite is calculated to be 0.8 ng/L
by assuming an adult tap water consunption of 2 L per day for a 70 kg
adult and using a relative source contribution of 80% (because nost
exposure to chlorite is likely to come fromdrinking water):
[GRAPH C] [TIFF OM TTED] TP31MRO8. 024

Therefore, EPA is considering an increase in the proposed MCLG for
chlorite fromO0.08 ng/L to 0.8 ng/L. A nore detailed discussion of this
assessment is included in the docket for this Notice (USEPA, 1998b).
4. MRDLG for Chlorine Dioxide: EPA's Reassessnent of the Noncancer Ri sk
EPA believes that data on chlorite are relevant to assessing the
ri sk of chlorine dioxide because chlorine dioxide rapidly disassociates
to chlorite (and chloride) (USEPA, 1998b). Therefore, the findings from
the 1997 CMA two-generation reproductive study on sodiumchlorite
shoul d be considered in a wei ght of evidence approach for establishing
the MRDLG for chlorine dioxide. Based on all the avail abl e data,
i ncluding the CVA study, a dose of 3 ng/kg/d remains as the NOAEL for
chl ori ne dioxi de (USEPA, 1998b). The MRDLG for chlorine dioxide is
increased 3 fold fromthe 1994 proposal since the CVA 1997 study was a
t wo- generation reproduction study. Using a NOAEL of 3 ng/kg/d and
appl ying an uncertainty factor of 100 to account for inter- and intra-
species differences in response to toxicity, the revised MRDLG for
chlorine dioxide is calculated to be 0.8 ng/L. This MRDLG takes into
account an adult tap water consunption of 2 L per day for a 70 kg adult
and applies a relative source contribution of 80% (because nost
exposure to chlorine dioxide is likely to come fromdrinking water):



[ GRAPHI C] [TIFF OM TTED] TP31MR98. 025

EPA is considering revising the MRDLG for chlorine dioxide fromO0.3 ng/
L to 0.8 ng/L. A nore detail ed discussion of this assessnent can be
found in the docket for this Notice (USEPA, 1998b).
5. External Peer Review of EPA' s Reassessnent

Three external experts have reviewed the EPA reassessnent for
chlorite and chlorine dioxide (see USEPA, 1998b). Two of the three
reviewers generally agreed with EPA conclusions regarding the
identified NOAEL of 35 ppm for neurodevel opnental toxicity. The other
revi ewer indicated that the devel opmental neurol ogical results fromthe
CMVA study were transient, too inconsistent, and equivocal to identify a
NOCAEL. EPA believes that although different responses were found for
startle response (as indicated by neasures of anplitude, |atency, and
habi tuation), this is not unexpected given that these neasures exan ne
di fferent aspects of the nervous system and thus can be differentially
af fected. Although no neuropat hol ogy was observed in the CVA study,
neur of uncti onal (or neurochem cal)
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changes such as startle responses can indicate potential neurotoxicity
wi t hout neur opat hol ogi cal effects. Furthernore, transient effects are
consi dered an inportant indicator of neurotoxicity as indicated in EPA
gui del i nes (USEPA, 1998i). EPA mmintains that the NOAEL is 35 ppm (3
ng/ kg/d) fromthe CVA chlorite study based on neurodevel opnent al
effects as well as changes in brain and liver weight. This concl usion
is supported by previous studies on chlorite and chlorine dioxide
(USEPA, 1998b). Other comrents raised by the peer reviewers concerning
i nproved clarity and conpl eteness of the assessnent were consi dered by
EPA in revising the assessnent docunment on chlorite and chlorine
di oxi de.
6. Summary of Key Observations

EPA continues to believe that chlorite and chlorine di oxi de nay
have an adverse effect on the public health. EPA identified a NOAEL of
35 ppmfor chlorite based on neurodevel opnental effects fromthe 1997
CMVA two-generation reproductive study, which is supported by previous
studies on chlorite and chlorine dioxide. In addition, EPA identified a
NQAEL of 70 ppm for reproductivel/ devel opnental effects and henol ytic
effects. EPA considers this study relevant to assessing the risk to
chl orine di oxi de. Based on the EPA reassessnent, EPA is considering
adjusting the MCLG for chlorite fromO0.08 ng/L to 0.8 ng/L. Because
data on chlorite are considered relevant to chlorine dioxide risks, EPA
is considering adjusting the MRDLG for chlorine dioxide fromO0.3 ng/L
to 0.8 ng/L. The MRDL for chlorine dioxide would renain at 0.8 ng/L.
The MCL for chlorite would remain at 1.0 ng/L because as noted in the
1994 proposal, 1.0 ng/L for chlorite is the | owest |evel achievable by
typi cal systems using chlorine dioxide and taking into consideration
the nonitoring requirenents to determ ne conpliance. In addition, given
the margin of safety that is factored into the estination of the MCLG
EPA believes that 1.0 ng/L will be protective of public health. It
shoul d be noted that the MCLG and MRDLG presented for chlorite and
chlorine dioxide are considered to be protective of susceptible groups,
i ncluding children given that the RFD is based on a NOAEL derived from
devel opnental testing, which includes a two-generation reproductive
study. A two-generation reproductive study evaluates the effects of
chemicals on the entire devel opnmental and reproductive life of the
organi sm Additionally, current methods for devel oping RfDs are
designed to be protective for sensitive populations. In the case of
chlorite and chlorine dioxide a factor of 10 was used to account for
variability between the average human response and the response of nore
sensi tive individuals.
7. Requests for Comments

Based on the recent two-generation reproductive rat study for
chlorite (CVA, 1996), EPA is considering revising the MCLG for chlorite



fromO0.08 ng/L to 0.8 ng/L and the MRDLG for chlorine dioxide fromO.3
ng/L to 0.8 ng/L. EPA requests coments on these possible changes in
the MCLGs and on EPA' s assessnent of the CMVA report.

B. Tri hal omret hanes

The 1994 proposed rule included an MCL for TTHM of 0.08 ng/L. MCLGs
of zero for chloroform BDCM and bronmoform were based on sufficient
evi dence of carcinogenicity in aninmals. The MCLG of 0.06 ng/L for
di bronochl or onet hane (DBCM) was based on observed liver toxicity froma
subchronic study and linmted ani mal evidence for carcinogenicity. As
stated in the 1997 NODA, several new studi es have been published on
bromof orm BDCM and chl orof orm since the 1994 proposal. The 1997 NODA
concl uded that the new studies on THVs contribute to the weight-of-
evi dence conclusions reached in the 1994 proposed rule, and that the
new studi es are not anticipated to change the proposed MCLGs for BDCM
DBCM and bromoform Since the 1997 NODA, the EPA has eval uated the
significance of an ILSI panel report on the cancer risk assessnment for
chl orof orm EPA has conducted a reassessnment of chl orof orm ( USEPA,
1998c), considering the ILSI report. The EPA reassessnent of chloroform
has been peer reviewed (USEPA, 1998c). Based on EPA s reassessnent, the
Agency is considering changing the proposed MCLG for chloroformfrom
zero to 0.3 ng/L.

1. 1997 International Life Sciences Institute Expert Panel Concl usions
for Chloroform

In 1996, EPA co-sponsored an ILSlI project in which an expert pane
was convened and charged with the followi ng objectives: (i) Reviewthe
avai |l abl e dat abase rel evant to the carcinogenicity of chloroform and
DCA, excludi ng exposure and epi dem ol ogy data; (ii) consider how end
points related to the node of carcinogenic action can be applied in the
hazard and dose-response assessnent; (iii) use guidance provided by the
1996 EPA Proposed Guidelines for Carcinogen Assessnent to devel op
recomendati ons for appropriate approaches for risk assessnent; and
(iv) provide a critique of the risk assessment process and conment on
i ssues encountered in applying the proposed EPA CGuidelines (ILSI
1997). The panel was made up of 10 expert scientists from academ a
i ndustry, government, and the private sector. It should be enphasized
that the ILSI report does not represent a risk assessnent, per se, for
chl orof orm (or DCA) but, rather, provides reconmendati ons on how to
proceed with a risk assessnent for these two chem cal s.

To facilitate an understanding of the ILSI panel reconmendations
for the dose-response characterization of chloroform the EPA 1996
Proposed Cuidelines for Carcinogen Ri sk Assessnent nust be briefly
descri bed. For a nore detail discussion of these guidelines, refer to
USEPA (1996b) .

The EPA 1996 Proposed Guidelines for Carcinogen R sk Assessment
describes a two-step process to quantifying cancer risk (USEPA, 1996b).
The first step involves nodeling response data in the enpirical range
of observation to derive a point of departure. The second step is to
extrapolate fromthis point of departure to |lower levels that are
within the range of human exposure. A standard point of departure was
proposed as the | ower 95% confidence linit on a dose associated with
10% extra risk (LED<INF>10</I1NF>). Based on comments fromthe public
and the EPA's Science Advisory Board, the central or maxi mumlikelihood
estimate (i.e., EDINF>10</INF>) is also being considered as a point of
departure. Once the point of departure is identified, a straight-1ine
extrapolation to the origin (i.e., zero dose, zero extra risk) is
conducted as the linear default approach. The l|inear default approach
woul d be considered for chemicals in which the node of carcinogenic
action understanding is consistent with |ow dose linearity or as a
sci ence policy choice for those chenmicals for which the node of action
i s not under st ood.

The EPA 1996 Proposed Guidelines for Carcinogen R sk Assessnent are
different fromthe 1986 gui delines approach that applied the linearized
mul ti-stage nmodel (LMB) to extrapolate | ow dose risk. The LMsS approach



under the 1986 guidelines was the only default for |ow dose
extrapol ati on. Under the 1996 proposed guidelines both |inear and
nonl i near default approaches are avail able. The nonlinear approach
applies a margi n of exposure (MdE) analysis rather than estinmating the
probability of effects at | ow doses. In order to use the nonlinear
default, the agent’s node of action in causing tunmors nust be
reasonabl y under st ood.
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The MoE anal ysis is used to conpare the point of departure with the
human exposure levels of interest (i.e., ME = point of departure
di vided by the environnental exposure of interest). The key objective
of the MoE analysis is to describe for the risk manager how rapidly
responses nay decline with dose. A shallow sl ope suggests |ess risk
reducti on at decreasi ng exposure than does a steep one. Information on
factors such as the nature of response being used for the point of
departure (i.e., tunmor data or a nore sensitive precursor response) and
bi opersi stence of the agent are inportant considerations in the ME
anal ysis. A nunerical default factor of no |l ess than 10-fold each may
be used to account for human variability and for interspecies
differences in sensitivity when humans nay be nore sensitive than
ani mal s.

The ILSlI expert panel considered a wide range of information on
chl orof ormincl udi ng rodent tunor data, metabolisnitoxicokinetic
i nfornmation, cytotoxicity, genotoxicity, and cell proliferation data.
Based on its analysis of the data, the panel concluded that the weight
of evidence for the nbde of action understanding indicated that
chl orof orm was not acting through a direct DNA reactive nmechanism The
evi dence suggested, instead, that exposure to chloroformresulted in
recurrent or sustained toxicity as a consequence of oxidative
generation of highly tissue reactive and toxic netabolites (i.e.
phosgene and hydrochloric acid (HO)), which in turn would lead to
regenerative cell proliferation. Oxidative nmetabolismwas considered by
the panel to be the predoni nant pathway of netabolismfor chloroform
Thi s node of action was considered to be the key influence of
chl orof orm on the carci nogenic process. The ILSlI report noted that the
wei ght - of - evi dence for the node of action was stronger for the nbuse
ki dney and liver responses and nore limted, but still supportive, for
the rat kidney tunor responses.

The panel viewed chloroformas a |likely carcinogen to hunans above
a certain dose range, but considered it unlikely to be carcinogenic
bel ow a certain dose range. The panel indicated that ‘‘This nechani sm
is expected to involve a dose-response rel ationship which is nonlinear
and probably exhibits an exposure threshold.’’ The panel, therefore,
reconmended t he nonlinear default or margin of exposure approach as the
appropriate one for quantifying the cancer risk associated with
exposure to chl oroform
2. MCLG for Chloroform EPA s Reassessnent of the Cancer Risk

In the 1994 proposed rule, EPA classified chloroformunder the 1986
EPA Cui delines for Carcinogen Ri sk Assessnent as a Group B2, probable
human carci nogen. This classification was based on sufficient evidence
of carcinogenicity in aninmals. Kidney tunor data in male Gsborne- Mende
rats reported by Jorgenson et al. (1985) was used to estimate the
carci nogenic risk. An MCLG of zero was proposed. Because the node of
car ci nogeni ¢ action was not understood at that tine, EPA used the
linearized nmultistage nodel and derived an upper bound carcinogenicity
potency factor for chloroformof 6 x 10<SUP>-3</SUP> ng/kg/d. The
l[ifetime cancer risk |evels of 10<SUP>-6</SUP>, 10<SUP>-5</SUP>, and
10<SUP>- 4</ SUP> were deternined to be associated with concentrations of
chloroformin drinking water of 6, 60, and 600 <greek-ng/L.

Since the 1994 rule, several new studies have provided insight into
t he node of carcinogenic action for chloroform EPA has reassessed the
cancer risk associated with chl orof orm exposure (USEPA, 1998c) by
consi dering the new information, as well as the 1997 |ILSI panel report.



Thi s reassessnment used the principles of the 1996 EPA Proposed

Gui del i nes for Carcinogen R sk Assessment (USEPA, 1996b), which are
considered scientifically consistent with the Agency’s 1986 gui delines
(USEPA, 1986). Based on the current evidence for the node of action by
whi ch chl orof orm may cause tunorgenesis, EPA has concluded that a
nonl i near approach is nore appropriate for extrapolating | ow dose
cancer risk rather than the | ow dose |inear approach used in the 1994
proposed rul e. Because tissue toxicity is key to chlorofornm s node of
action, EPA has al so considered noncancer toxicities in determning the
basis for the MCLG After evaluating both cancer risk and noncancer
toxicities as the basis for the MCLG EPA concluded that the RfD for
hepat oxi city shoul d be used. Hepatotoxicity, thus, serves as the basis
for the MCLG given that this is the primary effect of chlorof orm and
the nore sensitive endpoint. Therefore, EPA is considering changing the
proposed MCLG for chloroformfromzero to 0.3 ng/L based on the RfD for
hepat oxicity. The basis for these concl usions are discussed bel ow

a. Weight of the Evidence and Understandi ng of Mode of Carcinogenic
Action. EPA has fully considered the 1997 ILSI report and the new
sci ence that has energed on chlorof ormsince the 1994 proposed rule.
Based on this new information, EPA considers chloroformto be a likely
human carci nogen by all routes of exposure (USEPA, 1998c). Chloroforms
carcinogeni c potential is indicated by aninmal tunor evidence (liver
tunors in mice and renal tunmors in both mice and rats) frominhal ation
and oral exposures, as well as metabolism toxicity, mutagenicity and
cellular proliferation data that contribute to an understandi ng of node
of carcinogenic action. Although the precise mechani smof chl oroform
carcinogenicity is not established, EPA agrees with the ILSI panel that
a DNA reactive nutagenic mechanismis not likely to be the predoni nant
i nfl uence of chloroformon the carcinogenic process. EPA believes that
there is a reasonable scientific basis to support a node of
car ci nogeni c action involving cytotoxicity produced by the oxidative
generation of highly reactive netabolites, phosgene and HC, foll owed
by regenerative cell proliferation as the predom nant influence of
chl orof orm on the carci nogeni ¢ process (USEPA, 1998c). EPA, therefore,
agrees with the ILSI report that the chloroform dose-response shoul d be
consi dered nonl i near.

A recent article by Melnick et al. (1998) was published after the
1997 1SLI panel report and concludes that cytotoxicity and regenerative
hyperpl asia al one are not sufficient to explain the |iver
carci nogenesis in femal e B6C3F1 mice exposed to trihal onet hanes,

i ncluding chloroform Although this article raises some interesting

i ssues, EPA views the results for chloroformsupportive of the role
that toxicity and conmpensatory proliferation may play in chloroform
carcinogenicity because statistically significant increases (p<0.05) in
hepatoxicity and cell proliferation are found for chloroformin this

st udy.

b. Dose- Response Assessnent. EPA has used several different
approaches for estimating the MCLG for chloroform the LED<I NF>10</1 NF>
for tunor response; the ED<I NF>10</INF> for tunmor response; and the RfD
for hepatoxicity. Each of these approaches are described bel ow. EPA
bel i eves the RfD based on hepatotoxicity serves as the nost appropriate
basis for the MCLG for the reasons discussed bel ow

EPA has presented the linear and nonlinear default approaches to
estimating the cancer risk associated wi th drinking water exposure to
chl orof orm (USEPA, 1998c). EPA considered the |inear default approach
because of renmining uncertainties associated with the understandi ng of
chl orof ormi s node of carcinogenic action: for exanple, |ack of data on
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cytotoxicity and cell proliferation responses in Osborne-Mendel rats,
| ack of mutagenicity data on chloroformnetabolites, and the |ack of
conparative netabolic data between humans and rodents. Although these
data deficiencies rai se sone uncertainty about how chl or of or m may

i nfl uence tunor devel opnent at | ow doses, EPA views the |inear dose-



response extrapol ati on approach as overly conservative in estimating
| ow dose ri sk.

EPA concl udes that the nonlinear default or nmargin of exposure
approach is the preferred approach to quantifying the cancer risk
associ ated wi th chl orof orm exposure because the evidence is stronger
for a nonlinear node of carcinogenic action. The tunor ki dney response
data in Osborne-Mendel rats from Jorgenson et al. (1985) are used as
the basis for the point of departure (i.e., LED<INF>10</INF> and
ED<I NF>10</ | NF>) because a rel evant route of human exposure (i.e.,
drinking water) and multiple doses of chloroform(i.e., 5 doses
i ncluding zero) were used in this study (USEPA, 1998c). The aninmal data
were adj usted to equival ent human doses using body wei ght raised to the
\3/4\ power as the interspecies scaling factor, as proposed in the 1996
EPA Proposed Guidelines for Carcinogen Ri sk Assessnent. The
ED<I NF>10</ | NF> and LED<I NF>10</| NF> were estimted to be 37 and 23 ng/
kg/ d, respectively.

As part of the margin of exposure analysis, a 100 fold factor was
applied to account for the variability and uncertainty associated with
intra- and interspecies differences in the absence of data specific to
chloroform An additional factor of 10 was applied to account for the
remai ni ng uncertainties associated with the node of carcinogenic action
under standi ng and the nature of the tunor dose response relationship
being relatively shall ow. EPA believes 1000 fold represents an adequate
mar gi n of exposure that addresses inter- and intra-species differences
and uncertainties in the database. OQther factors considered in
determ ni ng the adequacy of the margin of exposure include the size of
t he human popul ati on exposed, duration and nagnitude of hunan exposure,
and persistence in the environment. Taking these factors into
consi deration, a ME of 1000 is still regarded as adequate. Although a
| arge population is chronically exposed to chlorinated drinking water
chloroformis not biopersistent and hunans are exposed to relatively
low |l evel s of chloroformin the drinking water (generally under 100
<greek-npg/ L), which are bel ow exposures needed to induce a cytotoxic
response. Furthernore, EPA believes that a MbE of 1000 is protective of
suscepti bl e groups, including children. The node of action
under standi ng for chloroform s cytotoxic and carcinogenic effects
i nvol ves a generalized nechanismof toxicity that is seen consistently
across different species. Furthernore, the activity of the enzyne
(i.e., CYP2El) involved in generating netabolites key to chloroforms
node of action is not greater in children than in adults, and probably
| ess (USEPA, 1998c). Therefore, the ED<INF>10</INF> of 37 ng/kg-d and
t he LED<I NF>10</INF> of 23 ng/kg-d is divided by a MoE of 1000 gi ving
dose estimates of 0.037 and 0.023 ng/kg/d for carcinogenicity,
respectively. These estinmates would translate into MCLGs of 1.0 ng/L
and 0.6 ng/L, respectively.

The underlying basis for chlorofornis carcinogenic effects involve
oxi dative generation of reactive and toxic netabolites (phosgene and
HCl) and thus are related to its noncancer toxicities (e.g., liver or
kidney toxicities). It is inmportant, therefore, to consider noncancer
outconmes in the risk assessment (USEPA, 1998c). The el ectrophilic
net abol it e phosgene woul d react with macronol ecul es such as
phosphotidyl inositols or tyrosine kinases which in turn could
potentially lead to interference with signal transduction pat hways
(i.e., chem cal messages controlling cell division), thus, leading to
carci nogenesis. Likewise, it is also plausible that phosgene reacts
wi th cel lul ar phosphol i pids, peptides, and proteins resulting in
generalized tissue injury. dutathione, free cysteine, histidine
net hi oni ne, and tyrosine are all potential reactants for electrophilic
agents. Hepatoxicity is the primary effect observed foll ow ng
chl or of orm exposure, and anong tissues studied for chloroformoxidative
nmet abolism the liver was found to be the npbst active (ILSI, 1997). In
the 1994 proposed rule, data froma chronic oral study in dogs (Heywood
et al., 1979) were used to derive the RfD of 0.01 ng/kg/d (USEPA,
1994a). This RFDis based on a LOAEL for hepatotoxicity and application
of an uncertainty factor of 1000 (100 was used to account for inter-and



intra-species differences and a factor of 10 for use of a LOAEL). The
MCLG is calculated to be 0.3 ng/L by assuming an adult tap water
consunption of 2 L of tap water per day for a 70 kg adult, and by
applying a relative source contribution of 80% (EPA assunmes nost
exposure is likely to come fromdrinking water):

[GRAPHI C] [TIFF OM TTED] TP31MR98. 026

Therefore, 0.3 ng/L based on hepatoxicity in dogs (USEPA, 1994a) is
bei ng considered as the MCLG because liver toxicity is a nore sensitive
ef fect of chloroformthan the induction of tunors. Even if | ow dose
linearity is assumed, as it was in the 1994 proposed rule, a MCLG of
0.3 nmg/L woul d be equivalent to a 5 x 10<SUP>-5</ SUP> cancer ri sk
| evel . EPA concl udes that an MCLG based on protection against |iver
toxicity should be protective against carcinogenicity given that the
putati ve node of action understanding for chloroforminvol ves
cytotoxicity as a key event precedi ng tunmor devel opnent. Therefore, the
recomended MCLG for chloroformis 0.3 ng/L. The assessnent that forns
the basis for this conclusion can be found in the docket for this
Noti ce (USEPA, 1998c).

3. External Peer Review of EPA' s Reassessment

Three external experts reviewed the EPA reassessnent of chloroform
(USEPA, 1998c). The peer review generally indicated that the nonlinear
approach used for estimating the carcinogenic risk associated with
exposure to chl orof orm was reasonabl e and appropriate and that the role
of a direct DNA reactive nechanismunlikely. Oher coments concerning
i mproved clarity and conpl eteness of the assessnent were consi dered by
EPA in revising the chl orof ormassessnent docunent.

4. Summary of Key Cbservations

Based on the avail abl e evi dence, EPA concludes that a nonlinear
approach shoul d be considered for estimating the carcinogenic risk
associated with lifetinme exposure to chloroformvia drinking water. 1t
shoul d be noted that the margi n of exposure approach taken for
chl orof orm carcinogenicity is consistent with conclusions reached in a
recent report by the Wrld Health
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Organi zation for Chloroform (WHO 1997). The 1994 proposed MCLG was
zero for chloroform EPA believes it should now be 0.3 ng/L given that
hepatic injury is the primary effect follow ng chl oroform exposure,
which is consistent with the nbde of action understanding for

chlorof orm Thus, the RfD based on hepatoxicity is considered a
reasonabl e basis for the chloroform MCLG EPA believes that the RfID
used for chloroformis protective of sensitive groups, including
children. Current nmethods for devel oping RfDs are designed to be
protective for sensitive populations. In the case of chloroforma
factor of 10 was used to account for variability between the average
human response and the response of nore sensitive individuals.
Furthernore, the node of action understanding for chloroform does not
i ndicate a uniquely sensitive subgroup or an increased sensitivity in
chil dren.

EPA continues to conclude that exposure to chlorof orm may have an
adverse effect on the public health. EPA also continues to believe the
MCL of 0.080 ng/L for TTHVs is appropriate despite the increase in the
MCLG for chloroform EPA believes that the benefits of the 1994
proposed MCL of 0.080 ng/L for TTHVs will result in reduced exposure to
chlorinated DBPs in general, not solely THVWs. EPA considers this a
reasonabl e assunption at this tinme given the uncertainties existing in
the current health and exposure databases for DBPs in general
Mor eover, the MCLGs for BDCM and bronoformremain at zero and thus, a
TTHM MCL of 0.080 ng/L is appropriate to assure that |evels of these
two THVE are kept as low as possible. In addition, the MCL for TTHMs is
used as an indicator for the potential occurrence of other DBPs in high
pH waters. The MCL of 0.080 ng/L for TTHWVs to control DBPs in high pH
waters (in conjunction with the MCL of 0.060 ng/L for HAAS5 to control



DBPs in | ower pH waters) and enhanced coagul ati on treatnent technique
remai ns a reasonabl e approach at this tinme for controlling chlorinated
DBPs in general and protecting the public health. There is ongoing
research bei ng sponsored by the EPA, NTP, and the Anerican Water Wrks
Research Foundation to better characterize the health risks associated
wi t h DBPs.
5. Requests for Comments

Based on the infornation presented above, EPA is considering
revising the MCLG for chloroformfromzero to 0.30 ng/L. EPA requests
conments on this possible change in the MCLG and on EPA' s cancer
assessnent for chlorof ormbased on the results fromthe ILSI report
(1997) and new dat a.

C. Hal oacetic Acids

The 1994 proposed rule included an MCL of 0.060 ng/L for the
hal oacetic acids (five HAAs-npnobronoacetic acid, di bronpacetic acid,
nonochl oroacetic acid, dichloroacetic acid, and trichl oroacetic acid).
An MCLG of zero was proposed for dichloroacetic acid (DCA) based on
sufficient evidence of carcinogenicity in aninals, and an MCLG of 0.3
ng/L for trichloroacetic acid (TCA) was based on devel opnental toxicity
and possi bl e carcinogenicity. As pointed out in the 1997 NODA, severa
t oxi col ogi cal studies have been identified for the hal oacetic acids
since the 1994 proposal (al so see USEPA, 1997b).

Since the 1997 NODA, the EPA has eval uated the significance of the
1997 ILSI panel report on the cancer assessnment for DCA. EPA has
conducted a reassessnent of DCA (USEPA, 1998e) using the principles of
the EPA 1996 Cuidelines for Carcinogen Ri sk Assessnent (USEPA, 1996b),
whi ch are considered scientifically consistent with the Agency’' s 1986
gui del i nes (USEPA, 1986). This reassessment has been peer revi ewed
(USEPA, 1998e). Based on the scope of the ILSI report, EPA's own
assessment and comments from peer reviewers, the Agency believes that
the MCLG for DCA should remain as proposed at zero. This conclusion is
di scussed in nore detail bel ow.

1. 1997 International Life Sciences Institute Expert Panel Concl usions
for Dichloroacetic Acid (DCA)

I LSI convened an expert panel in 1996 (ILSI, 1997) to explore the
application of the USEPA' s 1996 Proposed Gui delines for Carcinogen Risk
Assessnent (USEPA, 1996a) to the available data on the potentia
carci nogenicity of chloroformand dichloroacetic acid (as descri bed
under the chloroform section). The panel considered data on DCA which
i ncl uded chronic rodent bioassay data and informati on on nutagenicity,
tissue toxicity, toxicokinetics, and other node of action information

The 1LSI panel concluded that the tunor dose-response (liver tunors
only) observed in rats and mce was nonlinear (ILSI, 1997). The pane
noted that the liver was the only tissue consistently exam ned for
hi st opat hol ogy. It further concluded that all the experinental doses
t hat produced tunors in mce also produce hepatoxicity (i.e., npst
doses used exceeded the maximally tol erated dose). Al though the node of
carci nogeni ¢ action for DCA was unclear, the |ISLI panel concluded that
DCA does not directly interact with DNA. It specul ated that the
hepat ocar ci nogenicity was related to hepatotoxicity, cel
proliferation, and inhibition of programcell death (apoptosis). The
panel concluded that the potential human carci nogenicity of DCA
‘*cannot be determined ' given the |lack of adequate rodent bioassay
data, as well as human data. This conclusion is in contrast to the 1994
EPA proposal in which it was concluded that DCA was a G oup
B<I NF>2</ | NF> probabl e human carci nogen. In its current reeval uation of
DCA carcinogenicity, EPA disagrees with the panel’s conclusion that the
human car ci nogeni ¢ potential of DCA can not be deternmi ned. EPA's nore
recent assessnent of DCA data includes published information not
available at the time of the ILSI panel assessnent. Based on the
current wei ght of the evidence EPA concludes that DCA is a |ikely hunman
carcinogen as it did in the 1994 proposed rule for the reasons
di scussed bel ow.



2. MCLG for DCA: EPA's Reassessnment of the Cancer Hazard

In the 1994 proposed rule, DCA was classified as a Group B2
pr obabl e human carci nogen in accordance with the 1986 EPA Gui del i nes
for Carcinogen R sk Assessnment (USEPA, 1986). The DCA categori zation
was based primarily on findings of liver tunors in rats and nice, which
was regarded as ‘‘sufficient’’ evidence in animals. No lifetinme risk
cal cul ati on was conducted at that time; EPA proposed an MCLG of zero
(USEPA, 1994a).

EPA has prepared a new hazard characterization regarding the
potential carcinogenicity of DCA in humans (USEPA, 1998e). The
objective of this report was to devel op a wei ght - of - evi dence
characterization using the principles of the EPA's 1996 Proposed
Cui del i nes for Carcinogen R sk Assessnment (USEPA, 1996), as well as to
consider the issues raised by the 1997 ILSI panel report. The EPA
hazard characterization relies on infornation available in existing
peer-revi ewed source docunments. Moreover, this hazard characterization
consi ders published informati on not available to the ILSI panel (e.g.
mut ageni city studies). This new characterizati on addresses issues
important to interpretation of rodent cancer bioassay data, in
particul ar, mechanistic information pertinent to the etiology of DCA-

i nduced rodent liver tunors and their rel evance to humans.

Based on the hepatocarci nogenic effects of DCA in both rats and

mce in nultiple studies, and node of action
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related effects (e.g., nutational spectra in oncogenes, elevated serum
gl ucocorticoid levels, alterations in cell replication and death), EPA
concl udes that DCA should be considered as a ‘‘likely’’ cancer hazard
to humans (USEPA, 1998e). This is simlar to the 1994 view of a B2,

pr obabl e human carci nogen, in the proposed rule.

DCA concentrations as low as 0.5 g/L have been observed to cause a
tunor incidence in mce of about 80%and in rats of about 20%in a
lifetinme bioassays, as well as inducing nmultiple tunmors per aninma
(USEPA, 1998e). Higher doses of DCA are associated with up to 100%
tunmor incidence and as many as four tunmors per aninmal in a nunber of
studies. Tine-to-tunor developnent in mice is relatively short and
decreases with increased dose. The ILSI panel concluded that doses of 1
g/L or greater in mce produced severe hepatotoxicity, and thus
exceeded the MID. They further indicated that there was narked
hepatoxicity at 0.5 g/L of DCA, (albeit not as severe as the higher
doses). EPA agrees that there was hepatoxicity at all the doses wherein
there was a tunor response in mce. It should be noted that the MID
sel ected for the DeAngelo et al. (1991) nobuse study was a dose that
results in a 10%inhibition of body weight gain when conpared to
controls. This is within the linmts designated in EPA guidelines
(USEPA, 1998e). Furthernore, no hepatoxicity was seen in the rat
studi es, where DCA induced |iver tunors of approximtely 20% at the
| owest dose, 0.5g/L (USEPA, 1998e). It appears that the ILSI report did
not give full consideration to the rat tunor results as part of the
overal | wei ght-of-the-evidence for potential human carcinogenicity. EPA
agrees with the ILSI panel, that the rodent assay data are not conplete
for DCA; for exanple, full histopathology is |acking for both sexes in
two rodent species. This deficiency results in uncertainty concerning
the potential of DCA to be tunorgenic at | ower doses and at tissue
sites other than liver. Nevertheless, the finding of increased tunor
i ncidences as well as multiplicity at DCA exposure levels (0.5 g/L) in
both rats and nice where mnimal hepatotoxicity and no conpensatory
replication was seen supports the belief that observed tunors are
related to chemical treatment.

Al t hough DCA has been found to be nutagenic and cl astogeni c,
responses generally occur at relatively high exposure | evels (USEPA,
1998e). EPA acknow edges that a nutageni c mechani sm nay not be as
i mportant influence of DCA on the carcinogenic process at | ower
exposure levels as it mght be at higher exposures. Evidence is stil



accunul ating that suggests a node of carcinogenic action for DCA
t hrough nodification of cell signaling systens, with down-regul ation of
control nechanisns in nornmal cells giving a growh advantage to altered
or initiated cells (USEPA, 1998e). The tunor findings in rodents and
the node of action information contributes to the weight-of-evidence
concern for DCA (USEPA, 1998e; ILSlI, 1997). EPA considers that a
contribution of cytotoxicity and conpensatory proliferation at high
doses cannot be ruled out at this tinme; however, these effects were
i nconsi stently observed in nmice at | ower exposure |evels, and not at
all innmce at 0.5 g/L, or inrats, at all exposure doses. Although the
shape of the tunor dose responses are nonlinear, there is, however, an
i nsufficient basis for understanding the possible mechani snms that m ght
contribute to DCA tunorigenesis at | ow doses, as well as the shape of
t he dose response bel ow the observabl e range of tunor responses.

In summary, EPA considers the node of action through which DCA
i nduces liver tunors in both rats and mice to be unclear. As discussed
above, EPA considers the overall weight of the evidence to support
placing DCA in the ‘‘likely’’ group for human carci nogenicity
potential. This hazard potential is indicated by tunmor findings in mce
and rats, and other nbde of action data using the 1996 gui deline
wei ght - of - evi dence process. The renai ning uncertainties in the data
base include inconpl ete bioassay studies for full histopathol ogy and
i nformati on on an understandi ng of DCA' s node of carcinogenic action
The Iikelihood of human hazard associated with |ow | evel s of DCA
usual |y encountered in the environnment or in drinking water is not
under st ood. Al though DCA tunor effects are associated with high doses
used in the rodent bioassays, reasonable doubt exists that the node of
tunorgenesis is solely through nmechani sms that are operative only at
hi gh doses. Therefore, as in the 1994 proposed rul e, EPA believes that
the MCLG for DCA should remain as zero to assure public health
protection. NTP is inplementing a new two year rodent bioassay that
wi Il include full histopathology at | ower doses than those previously
studi ed. Additionally, studies on the node of carcinogenic action are
bei ng done by various investigators including the EPA health research
| aboratory.
3. External Peer Review of EPA' s Reassessnent

Three external experts reviewed the EPA reassessnent of DCA (USEPA,
1998e). The review comments were generally favorable. There was a range
of opinion on the issue of whether DCA should be considered a likely
human cancer hazard. One reviewer agreed that the current data
supported a hunman cancer concern for DCA, while another reviewer
believed that it was premature to judge the human hazard potential. The
third reviewer did not specifically agree or disagree with EPA' s
conclusion of “‘likely’’ human hazard. Qther issues raised by the peer
revi ew concerned the dose response for DCA carcinogenicity. The peer
revi ew generally concluded on the one hand that the nbpde of action was
i nconpl ete to support a nonlinear approach, but on the other hand, the
mut agenicity data did not support |ow dose linearity. One revi ewer
bel i eved that the possibility of a | ow dose risk could not be
di smi ssed. Ot her coments concerning inproved clarity and conpl et eness
of the assessnment were considered by EPA in revising the DCA assessnent
documnent .
4. Summary of Key Qbservations

EPA continues to believe that exposure to DCA may have an adverse
effect on the public health. Based on the above discussion, EPA
considers DCA to be a “‘likely’’ cancer hazard to humans. This
conclusion is simlar to the conclusion reached in the 1994 proposed
rule that DCA was a probabl e human carcinogen (i.e., Goup
B<I NF>2</ | NF> Carci nogen). EPA considers the DCA data inadequate for
dose-response assessnent, which was the view in the 1994 proposed rule.
EPA, therefore, believes at this tinme that the MCLG should remain at
zero to assure public health protection. The assessnent that this
concl usion is based on can be found in the docket for this Notice
(USEPA, 1998e).
5. Requests for Comments



Based on the information presented above, EPA is considering
mai ntai ni ng the MCLG of zero for DCA. EPA requests comments on
mai ntai ning the zero MCLG for DCA and on EPA's cancer assessnent for
DCA in light of conclusions fromthe ILSI report (1997) and new dat a.

D. Bromate

The 1994 proposed rule included an MCL of 0.010 ng/L and an MCLG of
zero for bromate. Since the 1994 proposed rul e, EPA has conpleted and
anal yzed a new chronic cancer study in nale rats and nice for bromate
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(DeAngel o et al., 1998). EPA has reassessed the cancer risk associated
wi th bronmate exposure and had this reassessnent peer reviewed (USEPA,
1998d). Based on this reassessnment, EPA believes that the MCLG for
bromate should remain as zero

1. 1998 EPA Rodent Cancer Bi oassay

In the cancer bioassay by DeAngelo et al. (1998), 78 nale F344 rats
were adm nistered 0, 20, 100, 200, 400 ng/L potassium bromate
(KBr O<I NF>3</INF>) in the drinking water, and 78 nal e B6C3F1 nice were
adm ni stered 0, 80, 400, 800 ng/L KBrO<I NF>3</| NF>. Exposure was
continued through week 100. Although a slight increase in kidney tunors
was observed in nmice, there was not a dose-response trend. In rats,
dose-dependent increases in tunors were found at several sites (Kkidney,
testicul ar nesothelioma, and thyroid). This study confirns the findings
of Kurokawa et al. (1986a and b) in which potassium bromate was found
to be a nulti-site carcinogen in rats.

2. MCLG for Bromate: EPA's Reassessnent of the Cancer Risk

In the 1994 proposal, EPA concluded that bromate was a probabl e
human car ci nogen (G oup B2) under the 1986 EPA Guidelines for
Carci nogen Ri sk Assessnent wei ght of evidence classification approach
Conbi ning the incidence of rat kidney tunors reported in two rodent
studi es by Kurokawa et al. (1986a), lifetime risks of 10<SUP>-4</ SUP>
10<SUP>- 5</ SUP>, and 10<SUP>-6</ SUP> were deternined to be associated
with bromate concentrations in water at 5, 0.5, and 0.05 ug/L,
respectively.

The new rodent cancer study by DeAngelo et al. (1998) contributes
to the weight of the evidence for the potential human carcinogenicity
of KBr O<I NF>3</ I NF> and confirns the study by Kurokawa et al. (1986a,
b). Under the principles of the 1996 EPA Proposed Guidelines for
Car ci nogen Ri sk Assessnent wei ght of evidence approach, bromate is
considered to be a likely human carci nogen. This weight of evidence
conclusion is based on sufficient experinental findings that include
the followi ng: Tunors at nultiple sites in rats; tunor responses in
bot h sexes; and evidence for mutagenicity including point nutations and
chronosomal aberrations in vitro. It has been suggested that bronate
causes DNA damage indirectly via |ipid peroxidation, which generates
oxygen radicals which in turn i nduce DNA damage. There is insufficient
evi dence, however, to establish |ipid peroxidation and free radica
producti on as key events responsible for the induction of the nmultiple
tunor responses seen in the bromate rodent bioassays. The assunption of
| ow dose linearity is considered to be a reasonable public health
protective approach for extrapolating the potential risk for bromate
because of linted data on its node of action

Cancer risk estimates were derived fromthe DeAngelo et al. (1998)
study by applying the one stage Wi bull nodel for the | ow dose |inear
extrapol ati on (EPA, 1998d). The Wi bull nodel, which is a time-to-tunor
nodel , was considered to be the preferred approach to account for the
reduction in animals at risk that nmay be due to the decreased survival
observed in the high dose group toward the end of the study. However,
nortality did not conpromise the results of this study (USEPA, 1998d).
The ani mal doses were adjusted to equival ent human doses usi ng body
wei ght raised to the \3/4\ power as the interspecies scaling factor as
proposed in the 1996 EPA cancer guidelines (USEPA, 1996b). The



i nci dence of kidney, thyroid, and nesotheliomas in rats were nodel ed
separately and then the risk estinmates were conbined to represent the
total potential risk to tunmor induction. The upper bound cancer potency
(g \1\*) for bromate ion is estimated to be 0.7 per ng/kg/d (USEPA,
1998d). Assuming a daily water consunption of 2 liters for a 70 kg
adult, lifetime risks of 10<SUP>-4</SUP>, 10<SUP>-5</SUP> and
10<SUP>- 6</ SUP> are associated with bromate concentrations in water of
5, 0.5 and 0.05 ug/L, respectively. This estimte of cancer risk from
the DeAngelo et al. study is simlar with the risk estimte derived
fromthe Kurokawa et al. (1986a) study presented in the 1994 proposed
rule. The cancer risk estinmation presented for bromate is considered to
be protective of susceptible groups, including exposures during
chi | dhood given that the | ow dose |inear default approach was used as a
public health conservative approach
3. External Peer Review of the EPA' s Reassessment

Three external expert reviewers conmented on the EPA assessment
report for bromate (USEPA, 1998d). The reviewers generally agreed with
t he key conclusions in the docunent. The peer review indicated that it
is a reasonable default to use the rat tunor data to estimate the
potential human cancer risk. The peer review al so indicated that the
node of carcinogenic action for bromate is not understood at this tine,
and thus it is reasonable to use a | ow dose |inear extrapolation as a
default. One reviewer indicated that it was not appropriate to comnbine
tumor data fromdifferent sites unless it is shown that sinilar
mechani snms are invol ved. EPA nodel ed the three tunor sites separately
to derive the cancer potencies, and thus did not assune a simlar nbde
of action. The slope factors fromthe different tunor response were
conbined in order to express the total potential tunor risk of bromate.
O her comments raised by the peer reviewers concerning inproved clarity
and conpl et eness of the assessnent were considered by EPA in revising
thi s docunent.
4. Summary of Key Cbservations

EPA continues to believe that exposure to bromate nmay have an
adverse effect on the public health. The DeAngel o et al. (1998) study
confirms the tunor findings reported in the study by Kurokawa et al
(1986a) and contributes to the weight of the carcinogenicity evidence
for bromate. EPA believes that the an MCL of 0.010 ng/L and an MCLG of
zero should remain for bromate as proposed in 1994. The assessnent that
this conclusion is based on can be found in the docket for this Notice
(USEPA, 1998d).

5. Requests for Comments

Based on the recent two-year cancer bioassay on bromate by DeAngel o
et al. (1998), EPA is considering maintaining the MCLG of zero for
bromat e. EPA requests conmments on naintaining the zero MCLG for bromate
and on EPA' s cancer assessnent for bronate.

I'V. Sinmultaneous Conpliance Considerations: D/DBP Stage 1 Enhanced
Coagul ati on Requirements and the Lead and Copper Rule

EPA received coment on the Novenber 3, 1997 Federal Register Stage
1 D)DBP Notice of Data Availability that expressed concern regarding
utilities’ ability to conply with the Stage 1 D/ DBP enhanced
coagul ati on requirerments and Lead and Copper Rule (LCR) requirenents
si mul taneously. Commentors stated that enhanced coagul ation will | ower
the pH and alkalinity of the water during treatnment. They indicated
concern that the lower pH and alkalinity levels may place utilities in
nonconpl i ance with the LCR by causing violations of optinmal water
quality control paraneters and/or an exceedence of the |ead or copper
action levels. EPA is not aware of data that suggests that |ow pH and
al kalinity levels cannot be adjusted upward foll owi ng enhanced
coagul ation to neet LCR conpliance requirements. However, as discussed
bel ow, the Agency solicits further comment and data on this issue.

The LCR separates public water systens into three categories: |arge
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(>50, 000), nedium (<l s-thn-eq>50,000 but >3,300) and small (<3, 300).
Smal | and medi um systens that do not exceed the | ead and copper action
levels (90th percentile levels of 0.015 ng/L and 1.3 ng/L,
respectively) during the required nonitoring are deened to have

optim zed corrosion control. These systems do not have to operate under
optimal water quality control parameters. Optinmal water quality control
paranmeters consist of pH, alkalinity, calciumconcentration, and
phosphate and silicate corrosion inhibitors. They are designated by the
State. Small and nedi um systens exceeding the action limts mnust
operate under State specified optimal water quality paraneters. Large
systems must operate under optimal water quality paraneters specified
by the State unless the difference in |lead | evels between the source
and tap water sanples is less than the Practical Quantification Limt
(PQ.) of the prescribed nmethod (0.005 ng/L).

Mai nt enance of each optimal water quality control paraneter
nmenti oned above (except for calciumconcentration) is directly related
to neeting specified pH and alkalinity levels at the entry point to the
di stribution systemand in tap sanples to establish LCR conpliance. In
treatment trains that EPAis aware of, utilities have the technol ogica
capability to raise the pH (by addi ng caustic--NaCH
Ca(OH) <I NF>2</ I NF>) and al kalinity (by addi ng Na<l NF>2</| NF>CCQ3 or
NaHCO<I NF>3</ I NF>) of the water follow ng enhanced coagul ati on and
before it enters the distribution system Although certain utilities
may need to add chemi cal feed points to provide chem cal adjustment, pH
and alkalinity can be maintained at the values used prior to the
i mpl enent ati on of enhanced coagul ati on. Systens that operate with pH
and alkalinity optimal water quality control paraneters should be able
to neet the State-prescribed values by providing pH and alkalinity
adjustment prior to entry to the distribution system Systens that
operate without pH and alkalinity optinmal water quality control
paranmeters can raise the pH and alkalinity to the I evels they were at
bef ore enhanced coagul ati on by providi ng chenmi cal adjustment prior to
distribution systementry.

The goal of calciumcarbonate stabilization is to precipitate a
| ayer of CaCO<l NF>3</INF> scale on the pipe wall to protect it from
corrosion. As the pH of a water decreases, the concentration of
bi carbonate increases and the concentration of carbonate, which
conbines with calciumto formthe desired CaCO<I NF>3</I| NF>, decreases.
At the lower pH used during enhanced coagulation, it will generally be
nore difficult to form cal ci um carbonate. However, post--coagul ation pH
adjustment will increase the pH and hence the concentration of
carbonate available to form cal ci um carbonate scale. Systens that nust
neet a specific calciumconcentration to remain in conpliance with
optinmal water quality control paraneters should not experience an
increase in LCR violations due to the practice of enhanced coagul ati on
provided the pHis adjusted prior to distribution systementry and the
calciumlevel in the water prior to and after inplenentation of
enhanced coagul ati on remains the sane.

EPA recogni zes that the inorganic conposition of the water may
change slightly due to enhanced coagul ati on. For exanple, snall anounts
of ani ons and conpounds that can affect corrosion rates (d -,

SO<I NF>4</ | NF><SUP>- 2</ SUP>) may be renoved or added to the water. The
ef fect of these constituents is difficult to predict, but EPA believes
they should be minimal for the great majority of systenms due to the
general | y nodest changes in the water’s inorgani c conposition and
because al kalinity and pH | evel s have a greater influence on corrosion
rates. Increases in sulfate concentration due to increased al um
addi ti on during enhanced coagul ati on can actually | ower the corrosion
rates of |ead pipe. EPA requests coment on whether changes in the

i norganic matrix can be quantified to allow States to easily assess
potential inpacts to corrosion control

EPA requests coment on how | owering the pH and al kalinity during
enhanced coagul ati on may cause LCR conpliance problens, given that both
pH and alkalinity levels can be adjusted to neet optimal water quality



paranmeters prior to entry to the distribution system EPA al so requests
conment on whet her decreasing the pH and al kalinity during enhanced
coagul ation, and then increasing it prior to distribution systementry,
may i ncrease exceedences of |ead and copper action |evels.

EPA is currently devel opi ng a simultaneous conpliance gui dance
docunent working with stakehol ders. The document will provide guidance
to States and systens on maintaining conpliance with other regul atory
requirenents (including the LCR) during and after the inplenmentation of
the Stage 1 D)DBP rule and the Interi mEnhanced Surface Water Treatnent
Rul e. EPA requests coment on what issues should be addressed in the
gui dance to nitigate concerns about sinultaneous conpliance with
enhanced coagul ati on and LCR requirenments. Further, the Agency requests
comment on whet her the proposed enhanced coagul ati on requirements and
the existing LCR provisions that allow adjustnent of corrosion control
pl ans are flexi bl e enough to address sinultaneous conpliance issues. |s
addi ti onal regulatory |anguage necessary to address this issue, or is
gui dance sufficient to mtigate potential conpliance problens?

V. Conpliance Wth Current Regul ati ons

EPA reaffirnms its commtnent to the current Safe Drinking Water Act
regul ations, including those related to nicrobial pathogen control and
di sinfection. Each public water system must continue to conply with the
current regul ations while new m crobial and DYDBP rul es are being
devel oped.

VI . Concl usi ons

This Notice sunmarizes new health information received and anal yzed
for DBPs since the Novenmber 3, 1997 NODA and requests conments on
several issues related to the sinultaneous conpliance with the Stage 1
D) DBP Rul e and the Lead and Copper Rule. Based on this new information,
EPA has devel oped several new docunents. EPA is requesting comments on
this new information and EPA' s eval uation of the information included
in the new docunents. Based on an assessnent of the new toxicol ogy
i nformation, EPA believes the MCLs and MRDLs in the 1994 proposal, and
confirmed in the 1997 FACA process, will not change. Based on the new
i nfornmation, EPA is considering increasing the proposed MCLG of zero
for chloroformto 0.30 ng/L and the proposed MCLG for chlorite from
0.080 ng/L to 0.80 ng/L. EPA is also considering increasing the MRDLG
for chlorine dioxide from0.3 ng/L to 0.8 ng/L
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